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PREFACE. 



The object of this work is to assist practitioners in the 
Tropics in the application of simple laboratory methods to 
the practice of medicine. 

The writer has had personal experience in several coitntries 
of the peculiar difficulties that a student desirous of advancing 
the knowledge of tropical medicine, or of practising it con- 
scientiously, will meet, and the plan of study advocated is 
the outcome of this experience. 

The subjects include an outline of animal parasitology and 
the development of the best-known of these parasites. The 
part played by insects in spreading disease is so important 
that it is necessary to have a sound w^orking knowledge of 
the more important known carriers of disease. 

Chapter vii, has been kindly written by Mr. F, V. Theobald 
for this bookj so as to enable the student to differentiate the 
more important genera of the Dipiera. No exhaustive study 
of any one subject has been made, but it is hoped that suffi- 
cient information is given to enable the practitioner to com- 
mence the effective study from the laboratory point of view 
of the more important problems. Simple methods are 
selected as far as possible, and those recommended are in the 
main those adopted by the writer for teaching purposes at 
the London School of Tropical Medicine, and can be relied 
on as applicable to the circumstances. 

Few references ai'e given, as the practitioner in the Tropics 
has rarely access to a hbrary, 

I am much indebted to Dr. G. C. Low, Medical Superin- 
tendent at the London School of Tropical Medicine, for 
valuable assistance, and the revision of the proofs has also 
been kindly undertaken by him. 
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Studies in Laboratory Work. 



CHAPTER L 

The Laboratory. — In few places in the Tropics will 
there be any institution that will correspond with the 
British idea of a laboratory. Tap water, gas and 
electric light have usually to be dispensed with and 
substitutes employed. The isolated worker has to 
arrange and make his own laboratory, either in the 
house or attached to a hospital, A separate building 
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shelves. One of the lower ones at a convenient height 
should be strong and broad enough to receive a heavy 
weight. On this shelf may be kept mosquito cages, 
maturing larvae and other objects awaiting immediate 
examination or requiring constant attention. 

Two tables are better than one. It is convenient to 
have one table on which to work with the microscope, 
and also to keep papers, notebooks and any book actually 
m use ; whilst on the second table staining processes, 
dissections and the rougher and more messy work can 
be done. Individual habits of neatness and arrange- 
ment make a difference. Though much excellent work 
has been done by untidy workers, there is no doubt that 
in the limited space necessitated by the narrow verandahs 
usual in many parts of the Tropics, work is easier and 
more comfortable if the habit of tidiness be cultivated. 
Persons exceptionally neat and methodical in their habits 
will probably find one long table more convenient than 
the two recommended here. 

A firm, steady table should be placed a few feet from 
the window for work with the microscope. The second 
table, also strong, must be placed in a good light, and it 
is better to have the light falling from the left-hand side 
of the table. 

Jalousies are most convenient in a hot place for the 
other sides of the laboratory, as they let in plenty of air 
and can be turned so as to regulate the amount of air 
and to stop the rain. 

A cheaper arrangement is to use reeds. Natives in 
most parts of the world are good workers with reeds, 
and sufficient air will pass through to keep a room cool. 
Native mats can be used, but must be nailed on to a 
framework, as otherwise they will get blown about by 
the wind. 

Water must be kept in bulk as tap water is rarely 
available. A small tank— an empty thoroughly cleaned 
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pered bottle, from which a sufficient amount is taken as 
required into a wash bottle for immediate use. 

An excellent substitute for the ordinary gas Bunsen 
burner is the spirit Bunsen {fig. i). The '' Primus" 
Kerosine Smokeless Burner will be found very useful for 
heating vessels on a larger scale (fig. 2). 



Fig. 2.^'* Primus '* Paraffin Lamp. 

An incubator is an enormous advantage and is essential 
for accurate bacteriological work. The temperature in 
most tropical places ranges from 75° upwards, and organ- 
isms grow better at "room" temperature than in England. 
In many places the nocturnal and diurnal variations are 
small, and in such the need for an incubator is not so 
great. In others there is a great difference between the 
day and night temperature and in these the need is 
greater.* A cold incubator is useless unless ice can be 
obtained, 

* With practice and the exercise of some ingenuity a workable 
incubator can be made by placing one tin inside a larger one ; 
(or a chemist's water-oven may be employed). The space 
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Cultures should be kept in a dark cupboard as dry as 
possible. 

Above the long broad shelf running along the wall two 
or three rows of narrow shelves should be fitted up on 
which stains in use can be kept. These are better kept 
exposed than in cupboards. The main stock can, of 
course, be kept out of sight. 

For night work a good lamp is required. The lamp 
must be low, and not raised more than six inches from 
the table. 

Equipment : A good microscope with a sub-stage con- 
denser, iris diaphragm and mechanical stage is essential. 
An oil immersion A-inch objective, a low, say f-inch, 
and a fairly high powder, say |-inch, will be required. For 
many purposes a l-inch is a very useful lens, and it is 
well to have two eye-pieces. 

The choice of suitable microscopes is a large one, and 
the differences between those of different makers are not 
very greats the points of difference being such that it is 
difficult to say which is the best. In the choice much 
depends on the conditions under which the work has to 
be conducted. If much travelling has to be done it is 
advisable to have a microscope that is easily carried and 
can be set up for use at a moment^s notice. Of these 
travelling, or portable^ microscopes there are several 
different forms all fulfiUing the main requirements — light- 
ness, compactness, and usefulness. 

The folding microscopes made by some makers, though 
compact and therefore easily packed, are heavy and there* 
fore inconvenient to carry. 

If most of the work can be done at a fixed station one 



between the two is fiUed with water. A small ker03ine lamp 
placed below the tins will heat the water^ and by varying the 
height of the lamp sufficiently equable temperature can be 
maLataiiied. 
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of the ordinary forms of microscope is the best, as they 
are the most convenient to work with. If the expense 
is no object it is well to have two stands, one portable 




Fig. 5, 

and one for stationary work. The objectives and eye- 
pieces can be used for either, and therefore the additional 
expense is not very great. 
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P.^yiTS OF A Microscope. — The base or stand is either 
a stage fixed on to a tripod or to a vertical column rigidly 
attached to a solid and heavy footplate. The tripod is 
to be preferredj as from the wide spread of the legs greater 
stability is insured, and the level is less affected by 
irregularities in the table on which the microscope is 
placed. 

In the folding and portable microscope the legs of the 
tripod are jointed at or near the junction with the stage 
and can be folded back so as to economise space in 
packing. 

The stage itself is a fixed plate firmly attached to the 
upright carrjnng the optical parts of the instrument ^ viz., 
the mirror and sub-stage condenser below the stage and 
the tube, eye-piece and objective above. 

To this solid plate is affixed the mechanical stage, of 
which there are two main types : — 

(i) Those in which a lighter stage carrying the 
object to be examined is attached above the fixed 
stage. This can be moved by a rack and pinion in 
two directions at right angles to each other, 

(2) In the second class the slide is seized by 
catches and moved over the solid stage. 

Some mechanical stages have in addition to the rectan- 
gular motions a circular one in the same place. This 
motion is not required. 

Of the two types preference should be given to the 
first, as it can be used for objects of all sizes and shapes, 
not simply J as with the second, for objects mounted on 
the regulation slides. With care it does not get out of 
order any more readily than that of the second type. 

The microscope tube is attached to the upright in such 
a manner that it can be moved up and down parallel to 
the upright, but allows no lateral movement in any direc- 
tion* The length of the tube is important, as with the 
higher objectives the best definition is obtained with a 
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certain known length of tube. This distance varies with 
the objectives of different makers- To provide for this 
variation there is a second or draw-tube inside the outer 
tube which can be drawn out so as to lengthen the tube 
to the required extent. The length of tube required for 
an objective should be ascertained and the draw-tube 
should be, and usually is, marked so that the correspond- 
ing length can be obtained. 

In the portable and folding micro&cope the outer tube 
is so short that it is always necessary to use the draw- 
tube. 

The adjustments by which the object is focussed are 
of two kinds : — 

(i) The coarse adjustment, by w^hich the tube is 
moved by a rack and pinion and brought approxim- 
ately into focus. The range of the coarse adjustment 
is great, but the movement is too coarse to focus 
easily and correctly with higher powers. 

(2) The fine adjustment, which may be a differen- 
tial screw or of the lever pattern. The range of this 
adjustment is small, but very delicate movement is 
obtained. 
Illuminating Apparatus, — Good illumination is abso- 
lutely necessary for useful work with high powers. The 
parts of the microscope providing for this illumination 
and modifying it are the mirror, the sub-stage condenserj 
and the iris diaphragm w^here, as is most usually the case, 
the object is to be examined by transmitted light. For 
opaque objects which can only be usefully examined with 
low powers illumination comes from above the stage. 

The Mirror is attached below the condenser. It has 
two surfaces, one concave and the other plane. The 
plane mirror is that employed for work with higher 
powers. Too small a mirror should not be used. 

The Sub-stage Condenser. — This is placed between 
the mirror and the stage and collects the rays of Ught 
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received from the mirror into a cone of large aperture, 
which can be focussed on to the plane of the object. 

It mnst be centred so that the optical axis corresponds 
with that of the objective, and must be movable so that 
it can be moved up or down in this axis. The movement 
is better performed by a rack and pinion, but in most of 
the portable microscopes has to be done by hand. 

To the tube are fixed at each end the two systems of 
lenses used for the magnification of the object. The 
lower system of lenses, which is screwed on to the lower 
end of the tubC) is the objective and forms a real image 
of the objects which is further magnified by the system of 
lenses at the upper end of the tube — the eye-piece. 

To save time, annoyance and wear of screws a nose- 
piece is fitted to the lower end of the tube, to which can 
be screwed the three objectives in use instead of screwing 
them directly to the lower end of the tube. 

These are the essentials of a microscope for the work 
here contemplated. It can be purchased complete for 
about £20 from several well-known makers. The price 
varies a little, but the reader is strongly advised to pay 
little attention to slight differences of price in the selec- 
tion of an instrument that suits him. Much more expen- 
sive instruments can be purchased, but at about the 
above-mentioned price an instrument can be obtained 
suitable for the work contemplated. The portable 
microscopes with the same objectives are about £3 or 
£4 less. 

No microscope should be bought without spending some 
time in careful examination and testing of the lenses and 
adjustments. The points to which special attention 
should be paid are: (i) As to the rigidity of the stand. 
This rigidity must be constant both with the tube vertical 
and inclined. (2) All the ajjustments and screw move- 
ments must be tested to see that they work smootlily 
and evenly and that every movement of the milled head 



lO 



STUDIES IN LABORATORY WORK 



results in effective movement of the screw and of the 
part of the instrument which it is intended to move. 

With the mechanical stage it is further necessary to 
satisfy oneself that the movement imparted to the stage 
is all in one plane, otherwise as the object is moved it will 
also move out of focus. 

This can be ascertained by examining an object, such 
as a uniform blood film, under various powers and deter- 
mining how far the object remains in focus. When using 
a i^^-inch objective, even with the best stages, some focus- 
sing wull be necessary, but it should be slight, and the 
object should be very little out of focus with considerable 
movements of the mechanical stage, A slide and film 
of uniform thickness must be used for this test^ and the 
result of the examination should be confirmed by using 
a series of slides. 

The nose*piece should centralise the objective correctly, 
otherwise an object that is in the centre of the field with 
a low power may not be in the field with a higher power. 
This is tested by centralising with the highest power some 
object that is visible with the lowest powder, and seeing 
how near the centre of the field this object is when viewed 
with the other objectives. The order should also be 
reversed if the test appears to be satisfactory. 

In testing the objectives the points to be most closely 
investigated are : — 

{i) Definition. Unless the object is sharply and 
clearly defined the magnification is wasted. 

(2) Flatness of field. Many lens give good and 
sharp definition at the centre of the field, whilst 
objects a little removed from the centre are blurred, 
and those at the periphery are out of focus. In 
using such lenses, if any other part of the field is 
brought into focus the objects in the centre of the 
field will be out of focus. With such a lens the field 
is not flat. It is perhaps too much to hope that the 
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periphery of the field will be in sharp focus when the 
centre is, but at any rate for blood work the greater 
part of the field must be flat, otherwise objects such 
as malaria parasites can easily be overlooked. 

(3) Chromatic aberration must be entirely corrected 
and no particoloured fringe seen round the edge of 
the field. 

(4) Magnification. As a test object a well-stained, 
evenly-spread blood film is as good an object as any 
other, and as the object is a familiar one the degree 
of magnification can be readily estimated. Both 
eye-pieces shoifid be used in turn. 

In the use of the microscope great attention must be 
paid to the illumination. The light in the Tropics is not 
good, as it so often has to be derived from blue sky. The 
mirror should be turned so as to receive the light from 
a white dood when possible. 

In using a low power the condenser should be low so 
as to be out of focus, or if the stand permits itj to swing 
out so as not to be between the mirror and the object. 

With a I -inch objective it should be higher, and with 
the 33^-inch oil immersion objective close to the under- 
surface of the slide. 

The brightest and most uniform light that can be 
obtained with the iris diaphragm open is the best. If we 
wish to reduce the light that should be done by closing 
the diaphragm, not by altering the position of the con- 
denser or of the mirror. 

Both the mirror and condenser should be kept clean. 

It is well to have a spare mirror^ as these silvered 
mirrors sometimes deteriorate rapidly in the Tropics. 

In focussing with the microscope it is well to bring 
the objective nearer to the object than is necessary, and 
then, using the coarse adjustment, whilst looking down 
the microscope to withdraw the objective from the object 
till it is seen more or less distinctly through the 
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microscope. For exact focussing one uses the fine adjust- 
mentj but not till the object is nearly in focus. The 
range of the fine adjustment is small and if used over too 
extensive a range there is risk of straining it. 

When working with the oil immersion it is well to 
place the oil on the object and screw down the tube till 
the objective touches the oil. In doing this the drop of 
oil should be viewed from the side and it will then be 
easy to see when the objective touches the oil. Then 
very slowly focus on to the object. Before using an oil 
immersion lens the field should be examined with a low 
power to make certain that there is something \isible in 
the field. In a fresh blood filmj for instance, if a part be 
selected in which there are no corpuscles there may be 
nothing to focus on to, and in such a case there is risk of 
screwing the objective down on to the object. 

If black specks are visible in the field it is well to rotate 
the eye-piece ; if these rotate with the eye-piece they are 
particles of dirt in some part of the eye-piece. Dirt on 
the objective shows as a general haziness ; such haziness 
may also be due to a cloudy or dirty cover-glass or a 
badly prepared specimen. 

All glass, and particularly the softer and more highly 
refractile glass of which lenses are made, is liable in a hot, 
moist climate to deteriorate and become doody or white, 
like very fine ground glass. 

When lenses become affected in this way they require 
regrinding. Some lenses spoil more quickly than others, 
and in purchasing objectives it should be stated that they 
are required for work in the Tropics. Various less serious 
conditions are sometimes mistaken for this change in the 
glass. The cement may run so that it partly covers the 
inner aspect of the objective. In other cases water con- 
denses between two lenses and causes a similar want of 
definition to that due to frosting of the glass. Either of 
these conditions may be detected by unscrewing the 
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lenses and examining the surface with a watchmaker's 
glass or hand-lens. These conditions, when discovered, 
are easily remedied. It is well only to use lenses that 
can be unscrewed, and from time to time to unscrew 
and clean the surface of the lenses carefully. They 
will keep longer if this is done, but must not be 
expected to last as long as they do in England. Lenses 
not in use are best kept in a perfectly dry stoppered 
bottle. There is no objection to having some dehydrating 
agent such as well-dried calcium chloride in a separate 
compartment in the same bottle. 

A camera lucida or drawing camera is a great con* 
venience, and so useful for measurements that some form 
of this instrument should be used. That of Leitz is a 
cheap and simple form, the use of which it is easy to 
learn. 

For measurements a micrometer slide ruled to ^^ of 
a millimetre is a useful accessory ; failing it any of the 
standard ruled scales, such as the counting chamber of 
a Zeiss* or Gowers' heemocytometer, can be used as a 
substitute. 

A micrometer scale to be placed in the eye-piece in 
focus with the front lens is useful for some measurements, 
but can be dispensed with if measurements are made with 
a camera lucida. A more useful form of eye-piece micro- 
meter is ruled in squares. These can be used once they 
are standardised for blood counts and the ruled scales 
used for the counting chamber of a hsemocytometer, &c., 
dispensed with. For many purposes it is convenient to 
subdivide the field, and this can be more readily done 
with a micrometer eye-piece ruled in squares than in any 
other way. With such a micrometer eye-piece the ruling 
on the counting chamber of a haemocytometer can be 
dispensed with. 

These eye-piece scales are simply placed in the eye- 
piece and rest on the diaphragm between the two lenses. 
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The diaphragm will usually want moving a little for 
the scale to be sharply focussed^ but this is easily done 
as the diaphragm can shde up and do\^TL inside the tube. 




Fig, 4. 




Fjg. 5. 




FiG. 6. 



These eye-pieces require standardisation for the value 
of the squares or scale* The micro-millimetre scale is 
used as the object and for each objective the number 
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of micro-millimetres in a division of the scale noted. This 
can be done once for aU and the records preserved. 

There is no object in having the divisions of a scale or 
the squares of an accurately known size. As seen in the 
eye-piece they are magnified, 

A warm stage is not so much needed in the Tropics as 
in England, but is a convenience. The simplest form is 
a copper plate perforated with a hole the size of a shilling. 
From the plate is a copper tongue extending in front for 
about six inches. The under-surface of the plate is 
covered with clotli and is placed on the stage so that 
the aperture corresponds to the central aperture in the 
stage. 

The object is placed on the slide on the copper plate 
and examined, and by heating the tip of the tongue of 
copper projecting from the plate with a spirit lamp the 
heat will be conducted to the plate and the slide kept 
warmed. By heating the tongue nearer to the plate a 
higher temperature wiLL be obtained, or by lowering the 
spirit lamp, or moving it further off, a lower temperature. 
With a little practice there is no difficulty in maintaining 
a fairly steady temperature which can be estimated by 
touch- More elaborate warm stages are to be procured 
in which the temperature is kept steady by the circula- 
tion of hot water. 

A dissecting microscope is useful but not essential ; it 
consists of a single compound lens which is fixed on a 
vertical carrier which can be raised or lowered by a rack 
and pinion. The stage is of glass and there are wooden 
movable hand-rests at each side. 

For illumination there is a plane reflector, and as an 
alternative on the other side of the mirror a plaster of 
Paris disc. 

For most of the purposes for which the dissecting 
microscope is used a watchmaker's glass does equally 
well, and for some purposes it is better. 
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A good large hand-lens on a handle is useful for observ- 
ing the habits of mosquito lanae. 

Reagents, stains, slides and cover-glasses are required. 
The slides should not be of the best quality ; the thin, 
white slides deteriorate more rapidly in the Tropics than 
the coarser glasses. No. 2 quahty is to be preferred, 
They require thorough cleaning, and a stock cleaned and 
ready for use, requiring only to be wipedj should be 
kept in hand. They are b^t cleaned by placing in a 
saturated solution of carbonate of soda which is just 
brought to the boil. They are then well washed in run- 
ning water, wiped with a soft linen rag, and placed and 
kept in spirit in a stoppered or weU-corked, wide-mouthed 
bottle. Before use the shde must be taken out of the 
spirit and well rubbed with a soft, clean linen rag. 

Cover-glasses are best sent out in oil or covered with 
oilj as even in the course of a voyage lasting tw^o wrecks 
they may become frosted. The whole mass of cover- 
glasses, say half an ounce, is placed in oil of cloves, and 
the cover-glasses are separated so that the oil penetrates 
between them. They are then taken out of the oil, 
wrapped in cotton wool and can be replaced in their 
boxes. Treated in this way they will keep for months 
even in the worst climates. They keep well also if 
sent out in spirit, but this is not recommended, as if 
the spirit evaporates completely the glasses deteriorate 
very quickly* 

Cover-glasses treated with oil are not very easy to 
clean as the oil will have hardened and dried to a large 
extent. A good deal of the oil can be removed by placing 
the cover-glasses in i per cent, lysol solution or in xylols 
and separating them or stirring them up. This saves 
the spirit which is necessary to more completely remove 
the oil. They must not be left more than a couple of 
hours in the lysol » and then should be placed and kept 
in spirit which will gradually remove nearly all the oO. 
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small stock should be further prepared so as to be 
ready for immediate use. This may be done by first 
just bringing them up to the boiling point in a saturated 
solution of carbonate of soda^ washing well, preferably 
in running water, and transferring them to strong sul- 
phuric acid ; in this they should be left over night, then 
again well washed in water and finally transferred to a 
wide-necked, well-stoppered bottle half fiUed with spirit. 
For use they should be taken out with forceps and well 
rubbed with a soft linen rag. 

Such cover glasses should be free from both grease and 
grit and are then fit to use for making fresh fluid blood 
films or for other preparations. As alternatives to the 
treatment with carbonate of soda and sulphuric acid 
some prefer strong nitric acid and others bichromate of 
potash (2 parts), sulphuric acid (3 parts) and water (25 
parts) ; others, again, sulphuric acid alone. In any of 
these solutions the cover-glass can be kept indefinitely 
and washed in water immediately before use. 

Cover-glasses should be of the best quahty, and for 
blood work the thinnest (No, i) should be used, A 
smaller stock of thicker cover-glasses should be kept for 
the examination of faeces and making '' squash " prepara- 
tions. These thicker cover-glEisses do not deteriorate so 
rapidly. 

For bacteriological work some form of steam steriliser 
is necessary to sterilise vessels^ media, &c. With this 
all requisite sterilisation for ordinary work can be done^ 
but a hot air steriliser is an advantage for the quicker 
and easier sterilisation of vessels, Petri dishes and some 
instruments, 

A steam steriliser (fig. 7) is simply a tail metal vessel 
covered with a lid with a vent for the escape of steam, 
and containing water at the bottom. As it is not well 
to immerse the objects to be sterilised in the water there 
is a perforated false bottom above the level of the 




Frc. 9. — Hearson's Incubator, working wrTH Petroleum Lamp. 

They can be heated by a paraffin lamp, and the 
" Primus " is one of the best. At a pinch a wood or 
other fire may be used. 

The hot air sterihser (fig. 8) is a metal case enclosed 
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in a second larger one, the two being separated by an air 
space. The double case can be dispensed with, but the 
heating is then less uniform, A temperature of about 
i6o° C. is required. 

Incubators are needed where it is important that 
growth should take place at a uniform temperature, 
and are essential when it is desired to accurately describe 
the character of the growth of an organism, or to com- 
pare one growth with another, or with the description 
of another. 

Where gas cannot be obtained a form of incubator 
which can be used with kerosine must be employed 

At " room temperature " in the Tropics most organisms 
grow well and much useful work can be done without an 
incubator. 

If there is no incubator a dark cupboard must be used, 
as light has a deleterious effect on most bacteria. This 
cupboard should be fixed in a dry place where the tem- 
perature is as uniform as possible. 
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Material. — The methods for the preparation of blood 
films, feces, mosquitoes, and bacteriological material are 
described under those headings. Other material is 
obtained at post-mortem examinations. 

Post-moriem examinations in the Tropics present cer- 
tain differences from these examinations in temperate 
chmates. 

Post-mortem changes are more rapid, so that it is essen- 
tial that the examination should be made as soon as 
possible after death. This is not only on account of 
the rapidity of the putrefactive changes which occur, 
but also because many of the animal parasites die^ and 
some^ such as the sporozoa, disintegrate and cease to 
stain well even before putrefactive changes set in. 
Certain special observations are worthy of attention :— 
(i) The weights and relative weights of the organs, 
as these vary considerably from European standards, 
both when healthy, and as a result of disease. With 
the lungs, in recording the weight, it is essential to 
note also the time that has elapsed between death 
and the examination, as the weights of these organs 
increase a few hours after death, probably by aspira- 
tion of fluid. If the examination is made two or 
three hours after death the lungs will be barely half 
the weight taken as the standard in Europe, if the 
examination is made later the weights may be 
comparable. 

(2) Variation of weight of the organs with age 
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differs in different races, and the curves obtained 
for the organs are in many cases different from those 
recorded in Europe, The brain weight in Europe 
attains its maximum between 45 and 50, whilst in 
the negro the maximum is reached between 20 
and 25. 

(3) The specific gravity of organs such as the liver, 
kidney and heart should be determined wlien there 
is evidence of fatty degeneration of these organs. 

(4) Abnormalities. These are common, and some 
races, such as the Chinese, appear to have an unusual 
proportion of one, such as Meckel's diverticulum, 
whilst other raceSj as the Negro, more frequently 
have deeply iissured lungs. Disease also affects 
organs differently according to race, and of this the 
variation in the age incidence of splenic enlargement 
in Negro and other races living under the same 
conditions is a striking example, 

(5) Abnormal appearances, such as congestion, 
ecchymosis, &c., are more common in the Tropics, 
and are observed under different conditions, as the 
examinations are made so much earlier. On the 
one hand, the appearances more closely resemble 
those in the living subject, and on the other hand, 
because putrefactive changes, particularly in the 
vicinity of the intestine, occur so early, patchy, 
irregular posl-moHem staining is common and fre- 
quently mistaken for disease. 

(6) Certain special putrefactive changes deserve 
dose attention. As a result of putrefaction some 
of the organs, and particularly the spleen, often 
appear of a slaty colour which may be mistaken 
for malarial pigmentation. Section of the organ will 
show that the discoloration of early putrefaction 
only extends for a short distance from the surface 
into the substance of the organ. The substance of 
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the Spleen in section sometimes appears very dark, 
but this colour can be distinguished from that of 
acute malaria by noticing that the dark colour 
changes to bright red after exposure to air. The 
only satisfactory'' test of malarial pigmentation of an 
organ is by examination of a portion of the tissue 
with the microscope. It is not necessary to cut 
sections, a small portion of the organ can be pulped 
between two slides and examined at once for pigment. 
Another effect of fost-moriem changes which may occur 
early is alteration in consistence and feel. To those who 
have not made such examination soon after death, healthy 
kidneys appear to be very hard, probably from rigor 
mortis of the cells. 

Kidneys examined late, on the other hand, are flabby^ 
but tough and not readily torn, 

A diffluent spleen is often described, but is not met 
with in post moriems made early. The spleen^ even in 
the most acute cases of malaria, though enlarged and 
black, is firm, and wedges of it can be cut with acute 
angles. These angles retain their sharpness even when 
exposed to a jet of water. Such a spleen is easily pulped, 
and if allowed to decompose speedily becomes '' diffluent," 
Many of the early putrefactive organisms form gas 
and consequently emphysematous changes ; emphysema 
of the liver and other organs are common. In the intes- 
tines small emphysematous patches form in the submucosa 
and present a pecuhar and rather deceptive appearance. 
Gaseous distension of the whole intestine is very 
common, and the stretched walls appear unusually thin 
and are often described as atrophied* 

Worms and intestinal parasites die as a rule within 
some six to twelve hours after the death of the host, and 
some, such as the ankylostome, lose their hold on the 
intestinal walls even earlier- 

In the examination of intestines in the Tropics it is 
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not advisable to wash out the intestine before opening 
it. The intestine should be opened and examined for 
entozoa first and subsequently washed to see the condi- 
tion of the mucosa. If the intestines are washed out 
first the entozoa will be carried away and may escape 
notice, 

A large proportion of tropical diseases are those affect* 
ing the abdominal viscera. 

To study the exact relationship of the parts it is often 
advisable to remove the thoracic and abdominal viscera 
en masse. The abdomen should be freely opened and 
room gained by subcutaneous division of the muscles 
attached to the pubes below, and sternum and ribs above. 

The attachments of the diaphragm to the sternum and 
costal margins must next be divided with the knife close 
to the chest wall, and the parietal peritoneum stripped 
off the abdominal wall with the hand as far as possible. 
The trachea and vessels going to the neck are then to be 
freely divided by passing the hand and knife in front of 
the lungs and cutting transversely above the root of the 
lungs, whilst with the hand the thoracic viscera are 
grasped firmly at the root of the lungs and steady trac* 
lion exercised. When the division is complete, the hmgs 
and heart will be easily pulled downwards through the 
lower opening of the thorax. With the knife the posterior 
attachments of the diaphragm are divided from above, 
and steady traction, aided by a few touches with the 
knife, will strip the peritoneum off the remainder of the 
wall of the abdomen, and all the abdominal viscera with 
the aorta and kidneys wiU be completely separated except 
at their pelvic attachments. These can be divided, or 
better, the peritoneum stripped off the pelvis at each 
side, and the urethra and rectum divided as near the 
perineum as possible. 

The mass of organs can be now examined from every 
aspect and the relations of the different parts readily 
observed. 
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By this method the root of the mesentery, the posterior 
mediastinum^ and other parts which are usually over- 
looked can be displayed, and in these regions some 
parasites are found. 

To prepare specimens of a whole organ or of a series of 
organs in situ they should be placed in formalin solution. 
Two per cent, solution is quite sufficient, but the amount 
of fluid must be in great excess and the intestines flushed 
out with the solution and injections made into the larger 
organs, such as the liver. The fluid should be changed 
in a few hours. A common mistake is to place the organ 
in a vessel that can only just hold it and add the solu- 
tion of formalin so as to cover the organ. In estimat- 
ing the strength of the formalin solution it must be 
remembered that water forms a large part of animal 
tissues and that consequently the formalin solution 
added is diluted by the amount of fluid in the tissue. 
Though formalin penetrates more rapidly than most 
preservative agents, decomposition will continue in the 
thicker parts of an organ unless it be freely incised, 
or have formalin injected into the vessels, or into the 
substance of the organ in several places with an exploring 
s}Tringe. 

The colours disappear or change in the formalin solu- 
tion, but can be largely restored by placing the organ in 
strong spirit for twenty-four hours. 

When the colour is restored the organ can be placed 
and kept for exhibition in a solution of glycerine and 
acetate of potash or other substances, and little further 
change in colour wiU take place. A good formula for 
this solution is glycerine 20 parts, potassium acetate 15 
parts, and water 100 parts. 

Any of the large worms, tape-worms, &c., should be 
placed in glycerine at once, whilst the smaller ones, such 
as filaria and ankylostomes, are best placed in i per cent, 
formalin, and are afterwards changed to a 3 per cent, 
solution^ 
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Microscopic Examination;— If parts of an organ 
tissues are to be preserved for microscopical exami' 
nation they can be examined fresh, or preserved and 
hardened. 

Much information can be gained from the examination 
of the fresh specimen, either by making smears of the 
fluids that exude from the cut surface, squashing small 
portions of the tissue between the slide and a cover*glass, 
or by freezing and cutting sections. In the last case 
they should be placed in a strong solution of gum arabic. 

More often the specimens require hardening, and for 
most purposes alcohol is the best hardening reagent for 
tropical work, as parasites stain w^ell after hardening in ^ 
alcohol ^B 

Specimens for microscopical examination must b^^ 
hardened uniformly, and it is essential, therefore, that 
the pieces of tissue must be small and that the fluid can j 
penetrate on all sides. 

If a piece of tissue is simply put into a bottle and spirit 
poured on it, the blood coagulates at the edges of tissue 
where in contact with the glass and the fluid does not 
penetrate between the glass and tissue. This is avoided 
by placing some cotton-wool at the bottom of the bottle, 
or small pieces of crumpled paper. 

For fixation of tissues alcohol is the most useful reagent 
in tropical work, as the parasites of malaria stain better 
after fixation in alcohol than in any other reagent. It 
has the disadvantage of causing great shrinking of the 
tissue and parasites. 

To fix in alcohol, the tissue must be in small cubes not 
more than half an inch in their greatest length, and 
placed in at least ten times their volume of alcohol in a 
closed glass vessel, with some cotton-w^ool at the bottom, 
and left for six hours. 

In certain cases, especially where it is desirable that 
the blood should be retained in the vessels^ a larger 
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piece of tissue can be taken, and after this partial fixa- 
tion subdivided into pieces of the light size. This is 
particularly to be recommended when the object is the 
examination of the tissue for malaria parasites or filaria 
in situ. At the end of six hours the alcohol should be 
changed, and again changed in tweh^e hours. By this 
time in a warm climate the specimen will be sufficiently 
fixedj and longer immersion in absolute alcohol will 
render the specimen too brittle. In colder weather, 
average temperature under 70"^ F,, it can be left some 
hours longer in the alcohoL 

The specimens when fixed can be kept till required in 
methylated spirits, which in the Tropics are usually 
weaker than in England. If greater accuracy is required 
the specimens can be kept in 60 per cent, absolute alcohol. 
This will keep the specimens, and stronger alcohol at 
tropical temperatures soon overhardens them. 

For more rapid fixation of tissues in which examina- 
tion for malaria parasites is not required, alcohol and 
formalin give excellent results. This solution is made 
by the addition of formalin in the proportion of 2 to 10 
per cent, to the absolute alcohol. It penetrates rapidly 
and causes less shrinking than alcohol alone, but the 
tissues should not be left in this solution for more than 
twelve hours or they will be overhardened. They are 
then fit for further processes or can be kept in spirit. 

Mijller's Fluid. — Pot. bichromate z$ parts, sodium 
sulphate i part, and water to 100 parts is very exten- 
sively used and gives good results^ but is slow in its action. 
The fragments of the tissue are placed in abundance of 
the fluid, which should be changed in a few hours, and 
again daily for a week, after that once a w^eek will be 
sufficient. Some tissues will be sufficiently fixed in two 
or three weeks, but others, as the parts of the central 
^ous system, may, even in a warm tropical chmate, 

[uire many weeks. When fixation is complete the 
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specimens should be washed for twenty-four hours in 
abundance of water, which is frequently changed, pre- 
ferably in running water, and then kept in methylated 
spirit. 

Orth's Fluid. — MuUer-formol is made by adding lo 
per cent, of formalin to Miiller's fluid. This must be 
added immediately before use. It is a rapid fixative, 
and at blood heat only three or four hours are required 
for thin pieces of tissue. Two days are usually sufficient 
at room temperature. 

Parasites do not stain well in tissues which have been 
fixed in bichromate solutions. 

For the examination of skin, which is readily over- 
hardened, Zenker's fluid gives good results. This is com- 
posed of 5 parts of corrosive sublimate, 2" 5 parts of 
potassium bichromate^ i part of sodium sulphate, and 
TOO parts of water. The slices of tissue to be examined 
must be very thin, not more than a tenth of an inch in 
thickness. The time required for fixation is twelve to 
tw^enty-four hours, according to the thickness of the 
specimen and the temperature. 

After the tissues are fixed they must be thoroughly 
washed in water, which is frequently changed for at least 
twelve hours, and should then be placed in spirit to which 
a little tincture of iodine has been added, as this removes 
any mercury deposited in the tissues. If the colour of 
iodine disappears from the fluid more iodine is to be 
added until the colour no longer disappears. Or the 
specimens can be kept in spirit and the cleaning with 
iodine done after the sections are cut. The specimen can 
then be kept in spirit till required for use. 

Two other usefiil fixatives are, Flemming's solution : — 

Osmic acid 2 per cent, aqueous 

solution --4 parts ; 

Glacial acetic acid . . , . . . i part ; 
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Chromic acid i per cent, aqueous 

solution . . .. . , . . 15 parts ; 
and Hermann's fluid : — 

Osmic acid 2 per cent, aqueous 

solution . ■ .. . . . , I part ; 
in which a i per cent, solution of platinum chloride is 
substituted ior the 1 per cent, solution of chromic acid 
in Flemming's solution. 




Fig. 10. ^Microtome, Cathcart's, with Spray Bellows. 



These solutions must be freslily made up before use, 
and as the penetrating power of the fixative is low the 
specimens must be very thin, not more than ^ of an 
inch in thickness. 

Fixation takes from one to two days, and the specimens 
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require to be thoroughly washed, preferably in running 
water, for one day, and then placed in 80 per cent, 
alcohoL 

To Cut Sections. — Sections can be cut with a sharp 
razor. To cut sections by hand requires much practice, 
and only very small pieces of tissue can be cut satisfac- 
torily in this manner. 

^ Cathcart's microtome is the simplest efficient instru- 
mentj but its use is limited, as freezing with ether is not 
practicable in most tropical countries (fig, 10), 

For freezing in the tropics a freezing mixture such as 
ice and salt is the best. 



FtG. II. 

Swift's microtome consists of a circular wooden box 
(A) from the centre of which rises a metal tube surmounted 
by a horizontal zinc plate raised above the level of the 
top of the box. The box is covered with a glass plate 
perforated in the centre with a hole big enough to allow 
the tube and zinc plate to pass through. When arranged 
for use the box is filled with a mixture of well-crushed 
ice and salt. The Ud is placed on and the zinc plate 
projects above its level. The substance to be frozen is 
placed on the zinc plate and weU covered with a strong 
solution of gum. If the air temperature is not too high 
the specimen freezes with the surrounding gum (fig. 11). 

In many tropical countries this does not sufhce unless 
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the specimen is also surrounded by a cold atmosphen:* 
This is produced by placing a second metal box (B) on 
the top of the glass plate. This metal box has a central 
tube rising from the bottom and open below, and this 
tube must be wide enough to allow the zinc plate and 
specimen to be inserted in it. If the metal box is also 
filled with the freezing mixture the air io the central 
tube will be cold and the specimen surroimded by this 
cold air freezes readily (fig, 12). 

Wlien frozen the upper metal box can be removed and 
sections cut. 



p In this instrument the specimen remains fixedj and 
the thickness of the section is regulated by alterations 
in the level of the razor. This is arranged by having 
the razor blade fixed on a tripod ; the length of the legs 

I of this tripod can be regulated by turning the milled 
heads of the screws. The feet of the tripod are tipped 
with bone so as to slide evenly over the glass. For 
use the blade of the razor must be wetted with water 
and the tripod carrying it is so arranged that one leg is 
anterior* The two posterior screws are turned till the 
edge of the razor is horizontal or parallel with the sur- 
face of the glass. Any alteration in the screw of the 
anterior leg will then raise or lower the edge of the blade. 
The sections are cut by gliding the tripod over the 
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plate till the edge of the razor touches the specunen and 
cuts through it. A shghtly oblique motion is the best, 
and the tripod must be pressed firmly on the glass plate 
ajnd the movements must be rapid, more like a thrust. 
The knack of making the correct movement is soon 
acquired* 

When a section is cut the tripod is drawn back, slightly 
tilting it to avoid touching the specimen, the anterior 
screw turned to an amount regulated by the thickness 
of the desired section and again thrust forward. This 
process should be repeated until there are several sections 
on the upper surface of the blade of the razor, and these 
can be removed with a camels' hair brush to a vessel 
containing water which has been boiled. The sections 
will float and can be floated on to a slide and either 
examined directly or stained. 

For these sections picro-carmine and Bismarck brovra 
may be used and give excellent r*^sults. The specimens 
may be mounted in any glycerine medium such as 
Farrant*s solution. 

Sections of fresh, mifixed tissues can be cut and 
examined unstained, or, to show structure better, they 
can be stained. They should be soaked in gum before 
freezing. 

WeU-fixed specimens can also be frozen and cut. It 
is necessary before freezing to thoroughly remove the 
last traces of alcohol by washing in water, and to soak 
in an aqueous solution of gum arabic for some hours. 
Where ice cannot be obtained further hardening and 
imbedding is necessary. 

There are many processes, but two only are in general 
use. In these processes the piece of tissue is imbedded 
in some easily cut solid substance, which must also per- 
meate through the whole tissue* Paraffin wax and 
celloidin are the two substances most generally used* 
With paraffin thinner sections can be cut, but good sec- 
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tions of only small pieces of tissue are obtainable, and 
for some purposes paraffin is not well adapted* 

To Imbed. — The general principle is to pass the speci- 
men through alcohol till it is thoroughly dehydrated, 
then to place it in a fluid in which paraf&n is soluble, 
which will dissolve out the alcohol, and then to replace 
this fluid by first a weak solution of paraffin, then a 
strong solution of paraffin, and finally melted paraffin 
wax. Excess of paraffin is poured round the tissue and 
it is allowed to cool, when the paraffin solidifies not 
only is the piece of tissue enclosed in a solid block of 
paraffin wax but the tissues will be permeated with 
the wax. 

There are many modifications, some of wMch are 
rendered necessary for special tissues. 

For general work with specimens taken from strong 
?^pirit : — 

(i) Place the specimen in absolute alcohol for 
twenty-four hours. If the specimen has been re- 
moved from weaker spirit or from water, before 
placing in the absolute alcohol it should be placed 
in methylated spirit for forty-eight hours. 

(2) Remove from spirit, drain off excess of spirit 
for a few minutes and place in aniline oiL One day. 

(3) Place in xylol. One day. 

(4) Place in paraffin and xylols equal parts. One 
day, 

(5) Place in melted paraffin wax for one day. The 
paraffin wax can be kept melted in a drying oven 
{fig. 13) at the required temperature^ or a paraffin 
embedding bath can be used for this purpose (fig. 14). 
As a considerable amount of spirit is required for 
the spirit lamp to maintain the required temperature, 
it is well to imbed as many specimens as possible at 
the same time. The imbedded specimens keep well. 

t(6) Imbed and cool quickly, 
I : 
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The imbedding may be done by filling small paper 
boxes with melted paraffin and placing the pieces of 
tissue in this melted paraffin. The box is then placed 
in a dish of cold water on which it floats and is rapidly 
cooled so that the paraffin sets without crystallising. 



\J 



Fig. 13, 



Fig* 14. 



Fig* is* 



Or L-shaped pieces of metal are placed in contact on 

a smooth slab, as in the diagram (fig. 15), and the space 
between filled with the melted paraffin and the specimens 
placed in as before, 

ModificcUions, —The paraffin used in England melts at 
too low a temperature for satisfactory work in the Tropics, 
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It is well therefore to keep two varieties of paraffin, one 
melting at 48° C. and the other at 60^ C, and to use 
a mixture of them. Such a mixture with a melting 
point about 54° C. is usually sufficient, but in the 
warmest weather either a larger admixture of the paraffin 
at the higher melting point will be required, or the pure 
paraffin melting at 60° C. 

CeUoidin is indispensable when it is desired to keep 
any loose bodies in situ in a tissue, as there is no necessity 
to remove the celloidin before mounting in Canada 
balsam. 

It is also useful for general work, and then the celloidin 
can be removed if it is thought desirable. 

To imbed in celloidin the general principle is the same 
as that for paraffin, but the agents employed and the 
methods differ. 

(i) The specimen is kept in absolute alcohol, after 
being in weaker spirit, for twenty-four hours. 

(2) It is then soaked in a mixture of equal parts 
of ether and absolute alcohol for twenty-four hours. 

(3) Place in a weak solution of celloidin (3 per 
cent.) in alcohol and ether for twenty-four hours or 
more ; two days is usually ample. 

(4) It is then to be transferred to a thicker celloidin 
solution, 6 per cent, celloidin dissolved in alcohol 
and ether, and kept in this for at least one day, and 
better for several days. 

(5) The specimen is then placed on a small block 
of wood on which a few drops of the thick celloidin 
have been placed. Leave exposed to the air for a 
few minutes and pour a little thick celloidin solution 
over the specimen. Expose to air for a few minutes 
and place in 60 per cent, alcohol, which will harden 
the celloidin. In cutting celloidin specimens the 
knife must be oblique and must be moistened with 
spirit. 
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Modification (Stepanow's method). Oil of cloves can 
be used instead of alcohol and ether, and will remove the 
alcohol completely in about six hours. In this case the 
celloidin solution contains oil of cloves. 

Formula ;^ 

Celloidin (dry) . . . . . * i"5 grammes, 
Oil of cloves . . > . . * 5 cc. 

Ether . . - , , . . . 20 cc. 

Absolute alcohol . . . . * , i cc. 

This penetrates the tissue in six hours or more. 

The block of tissue with enough of the solution to cover 
it is poured into a filter of fine paper and kept in a 
wann place to allow the solution to thicken. Mount in 
the usual way and harden in 60 per cent, alcohol. 

To Cut and Stain Sections of Mosquitoes.— 
According to Dr. Low, the best method is to kill the 
mosquitoes by dropping them into 60 per cent, alcohol 
alive, so that some spirit may be drawn into the interior. 
Keep them five days in this spirit. Remove the wings 
and legs from the mosquito and place the trunk in 95 per 
cent, alcohol for twenty-four hoursj then in absolute 
alcohol for twenty-four hours, then in alcohol and ether 
equal parts twenty-four hours. After this thin celloidin 
one day. Thick celloidin one day. Mount on blocks, 
hardening the celloidin on those in 60 per cent, spirit j 
then cut serial sections, keeping the sections in 60 per 
cent, spirit. For staining float out in water* Stain in 
watch glasses with haemalum or hsematoxylin for five to 
ten minutes so as to overstain decidedly. Decolourise 
with I per cent, hydrochloric acid in 70 per cent, alcohol 
till when replaced in water only a faint violet colour is 
retained by the mosquito. Replace in 60 per cent, spirit, 
then in 95 per cent., and from that to carbol-xylol 25 
per cent, till the section appears perfectly clear and 
transparent. Transfer to slide, press firmly with dean 
filter paper, and mount in xylol balsam. 
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Imbedded sections can be cut with the freezing micro- 
tomej but must not be frozen. The carrier is heated and 
the paraffin block pressed against it. The paraffin will 
be melted and will then adhere to the zinc plate ; but 
better sections can be obtaijied with other microtomes. 

Of the simpler and cheaper forms of microtomes the 
Cambridge Rocker (fig; i6) is the most convenient. A 
form of this instrument should be selected in which the 
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Fig. 1 6. — Cambridge Rocking Microtome, new pattern for 
cutting flat sections, with large articulating apparatus and 

ONE RAZOR. 



razor can be placed obliquely, as otherwise specimens 
imbedded in celloidm cannot be cut satisfactorily. 

Full directions are sent for the use of this instrument 

with the microtome, but the chief points to observe are : — 

(i) That the razor must be rigidly clamped. 

{2) That the parafhn most be firmly fixed on the 

metal carrier. This is done by heating the carrier 

and applying the paraffin block firmly to it and 

keeping it in position till tlie carrier is cold, 

(3) Graduate the thickness of section in accord* 
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ance with the nature of the tissue, its brittleness, 
and object of the section. If the specimen is too 
hard or brittle it is useless to expect thin sections. 

Sections showing large parasites such as filaria in 
tissues like the lung should not be too thin. For the 
details of nerve structure, and for sections showing 
bacilli J or the parasites of malaria, the thinnest possible 
sections are the best. 

For skin sections celloidin is to be preferred. If 
paraf&n is used chloroform should be substituted for 
the xylol as a solvent of the paraffin, as the period during 
which heating is required is shortened, A very sharp 
razor must be used. 

For mosquitoes celloidin is to be preferred^ particu- 
larly for the demonstration of filaria in situ. For struc- 
ture good results can also be obtained with paraffin 
sections. For this purpose recently hatched mosquitoes 
are the best, and they should be placed alive in the 
spirit, passed through the usual processes, imbedded in 
paraffin and serial sections cut. These small sections 
are easily detached from the slide. Tlie method recom- 
mended by Annett and Button to prevent this is to lay 
the paraffin section on a thin layer of two parts of liquid 
glucose and one part of a thick syrup of pure dextrin 
spread on a slide and kept in the hot incubator till the 
glucose mixture has dried hard. The paraffin is then 
removed by xylol and alcohol and a solution of photoxylin 
is poured over the slide so as to form a film over the 
sections. This is allowed to set till the edges of the 
photoxylin film crinkle. On placing the shde in water 
the film comes away with the sections which can then 
be stained in the usual way, Carbol-xylol must be used 
for clearing. 

Fixation of Sections in Paraffin on Slide.— For 
ordinary work the sections, when cut, are placed on the 
surface of some warm water about 44° C, or rather more 
if paraffin of a higher melting point is used, and floated 
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on to a slide. The water is allowed to drain off and the 
slide is then placed in the hot incubator for twelve to 
fifteen hours. The section will then be fixed to the slide. 

Occasionally it will be found that the sections after 
removal of the paraffin fall off. In such a case the other 
sections may be very gently w^armed over a flame till 
the paraffin begins to appear more translucent. 

To remove paraffin from the sections so that aqueous 
and other stains can be used, the shde carrying the sec- 
tion should be placed in xylol and agitated in it for two 
or three minutes. This dissolves the paraflBn. To re- 
move the xylol place in strong spirit or absolute alcohol 
and again agitate so that fresh surfaces of spirit are 
brought in contact with the section. As a precaution 
it is well to rinse in fresh spirit- The slide can then be 
placed in water to remove the spirit and stained as is 
considered advisable. 

After staining, dehydrate in alcohol, clear in oil of 
cloves, wash with xylol if aniline stains are used, and 
mount in xylol Canada balsam. If the alcohol used is 
strong enough the oil of cloves need not be used. 

Most of the stains, and where possible other reagents, 
should be imported in solid or concentrated form and 
the bulk should be kept in that condition. There are 
several reasons for this. A considerable sum is saved 
in packing and carriage. Most stains keep better in the 
solid form, and if any bottle is broken the damage to 
other articles is less. 

Some substances, such as methylated spirit and abso- 
lute alcohol, must be imported in bulk. As a substitute 
for methylated spirit, where sugar factories and dis- 
tilleries occur, the crude spirit, ** high wines " or '* white 
spirit/' can often be used. This spirit can be con- 
veniently concentrated by abstraction of water with 
anhydrous copper sulphate. As this proceeding is often 
required for methylated spirits and can be economically 
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used to lestore to a good strength alcohol that has been 
used for dehydration it is an important one. Crystals of 
copper sulphate are heated on a plate or in a dish, pre- 
ferably copper^ till they are nearly red hot. The water of 
crystallisation is thus driven off and the copper sulphate 
reduced to a white powder with a mere faint tinge of 
blue. This copper sulphate absorbs with great avidity 
the requisite amount of water of crystalhsation, abstract- 
ing it from its mixture with the alcohol. 

AH J therefore, that is required is to add this an- 
hydrous copper sulphate, prepared by heating the blue 
copper sulphate, to the spirit, shake it up v^t^il and allow 
it to stand. The water will be removed and the alcohol 
rendered more absolute- If the copper sulphate rapidly 
becomes blue more anhydrous sulphate should be added 
til] the anhydrous copper sulphate remains nearly white 
in the spirit. The spirit is then decanted off and the 
copper sulphate can be used again after heating to expel 
the water. 

A good pair of scales turning with 05 of a gramme 
will be neededj a measure glass measuring up to one-half 
litre, as well as smaller measures up to 10 cc. English 
measures and weights can of course be usedj but are less 
convenient. 

Several ordinary iron glazed jugs and other vessels are 
very useful as they do not rust, are not easily broken, 
and wiU stand heat. Photographic trays of the same 
material can be obtained and are useful for washing 
specimens and floating out sections- Other photographic 
trays, half-plate size, are useful for breeding mosquito 
larvse. For breeding and keeping mosquitoes suitable 
cages must be provided. 

A full list of the apparatus that is of most use is 
appended at the end of the book. 
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CHAPTER III. 

Blood* 



Examination of the blood is of such importance in 
tropical work that in all cases of difficulty and doubt 
resource to this method of diagnosis is essential. A 
thorough knowledge of normal blood is a necessary pre* 
liminary. The abnormal forms of ceUs met with in 
various diseases must be readily recognised. Last, but 
not least, the various methods used for the finding and 
recognition of parasites must be known. Many methods 
of examining blood have been employed and most of 
them are good. Fallacies and mistakes have occurred 
with allj and the sources and causes of these errors and 
the recognition of them have to be studied. These are 
dealt with under each method described- 
Blood is composed of a nearly colourless fluids the 
plasma, in which are floating cellular elements, the red 
and white blood corpuscles and blood-plates. The more 
solid elements^ the blood corpuscles, will be considered 
first. They vary in number^ in their relative proportions 
and in their characters. 

Other cells, not normally present in the blood, are 
found under certain conditions in that fluid. Most of 
these cells are normally present in the tissues of the body 
in health. 

Parasites occur in the red corpuscles and in the plasma, 
and are sometimes found, in a more or less disorganised 
condition, in white corpuscles or phagocytes, which have 



42 



STUDIES IN LABORATORY WORK 



devoured them. None have been observed in the blood- 
plates. 

The two main methods employed for the examination 
of blood are : — 

(i) In the fresh and fluid condition, 
(a) As films which are allowed to dry, and fixed 
and stained in various ways. 

These two methods are of general application. For 
special purposes, so as to reveal abnormal bodies scantily 
present in blood, thick films can be employed and the 
haemoglobin removed. In this way a quantity of blood 
that would not be sufficiently transparent if treated by 
the ordinary methods can be examined rapidly. 

Examination of Fresh Blood, — ^This method is the 
only one by which vital changes can be observed. Of 
the normal blood elements, the amoeboid and phagocytic 
properties of the leucocytes can thus be observed. Living 
organisms abnormally present, such as filarise, trypano- 
somes, and the ha^mosporidia or parasites of malaria, can 
be watched, and such developmental and degenerative 
' changes as occur in shed blood observed. 

No description or observation of new parasites is com- 
plete without an examination of these parasites in the 
living conditions. 

It is noteworthy that most of the important mistakes 
made even by experienced observers in the description 
of bodies met with in blood have been due to neglect 
of the examination of fresh fluid blood. 

The essential point in the preparation of fresh fluid 
blood films is that a great part of the film should be so 
thin that the blood corpuscles are lying flat and separate 
from each other. The simplest method of making such 
a film is to take a small drop of blood on the centre of 
a cover-glass and drop it on the slide (fig, 17), In a well- 
made film by this method three zones are apparent. 
The edge of the film is thick and irregular. Here the 
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corpuscles are in rolls or masses and it is too thick for 
the examination of the individual red corpuscles {fig, I7«). 
Internally to this is an area with a slightly opaque or 
ground-glass appearance. Here the red corpuscles will 
be found lying flat and not to any great extent over- 
lapping each other. This is the part of the film best 
suited for examination of the red corpuscles and the para- 
sites contained in them {fig. lyc). 



\ o 



Fig. 17. 



The centre of the fihn is clear and transparent, and 
here few corpuscles are found as this part is too thin 
and composed entirely of serum {fig, 17A)* 

To get good films bj^ this method the slides and cover- 
glasses must ~ 

(i) Be free from grease, as otherwise the blood 
will not run (vide cleaning slides and cover-glasses), 

(2) They must be free from grit ; this is best done 
by rubbing well, immediately before use, with a soft 
linen rag. 

(3) The drop of blood must be so small that, when 
spread out, it does not extend to the edges of the 
cover-glass. If the blood is too abundant it floats 
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up the cover-glass, and sufficient space is left between 
the slide and cover-glass to allow of the formation 
of rouleaux. 
Another method is that of Braddon. Here the cover- 
glass, freed from grease and grit, is placed on a slide 




Fig. 1 8. 



similarly cleaned. The cover-glass is so placed that its 
edge corresponds with one edge of the slide. Pressure 
is exrrcised on the centre of the cover-glass, or it can be 
fixed with Comet forceps. Vaseline is then appUed to 
the slide at the edge of the cover-glass, leaving the edge 
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free where it is applied to the edge of the slide and a 
small space at the edge opposite to this (fig, i8). 

These slides can be prepared in the house or labora- 
tory and are then ready for use. If the edge of the 
slide be applied to a drop of blood, the blood will run 
up by capillary attraction and spread itself in the space 
between the cover-glass and slide in a film thin enough 
for examination, 

A third method is to make the film between two 
cover-glasses, the lower one being much the longer. 
The blood spreads more readily between two cover- 
glasses than between a slide and cover-glass, and the 
free edge of the lower glass can be clamped on to the 
slide (Horder's method). Beautiful films are obtained, 
and cover-glasses can be carried in larger numbers than 
slides on account of the smaller weight, but the greater 
fragility of cover-glasses is a serious objection to the 
general adoption of this method. 

Any of the above methods give good results. The 
first has decided advantages in that the blood elements 
are all present and, to some extent, distributed evenly 
throughout the best part of the film. The second is 
very convenient for class work, as there is no delay at 
the bedside, and a large number of preparations can 
be made quickly. It is useful with nervous patients as 
no preparation is necessary at the bedside. The more 
adhesive elements of the blood, the blood-plates and 
leucocytes, are crowded together near the edge where 
the blood has entered. In the thinner part of the field, 
which is farther from the edge, these elements have been 
" filtered out " and few solid elements but the red cor- 
puscles are left. 

In the freshly-drawn blood the elements normally 
present are : — 

(i) Red corpuscles, er3rthrocytes or xanthocytes, 
(2) White corpuscles or leucocytes. 
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(3) Blood-plates or platelets, Hayem's haemato- 
blasts. 

{4) Plasma. 

In the red corpuscles the points to note are the colour 
and the variations in colour. The si^e and variations 
in size and the shape. In many of the corpusdes, par- 
ticularly if pressure has been applied to the cover-glass, 
clear, transparent spaces, vacuoles, which may be either 
circular, oval, or even sUt-shaped, will be found. These 
must be recognised as what they are and not confounded 
with unpigmented parasites nor with the natural defi- 
ciency in colour seen towards the centre of the corpuscles. 
From both of these the vacuoles can be distinguished by 
their sharpness of the outline. An oscillatory or vibratile 
motion of the haemoglobin edge of the vacuole is highly 
characteristic, but must not be mistaken for amoeboid 
movement, 

CRENATiON.^If the blood corpuscles be watched for 
some time they will be seen to become distorted and 
projections are thrown out, either as a few blunt processes 
or as sharper projections. This change is known as 
crenation, and the projection may be feebly motile and 
portions may break off and be discharged into the plasma. 
These crenations are readily recognised when they occur 
at the edge of the corpuscles. When they occur on the 
fiat surface they produce an irregularity in the colouring 
and, by causing refraction, produce an appearance of 
dark spots surrounded by a lighter ring, or a light spot 
surrounded by a dark ring, according to the focussing. 

Some of the red corpuscles, particularly if pressure has 
been used in making the film, are bent on themselves or 
*' buckled.'* Such corpuscles may assume very varied 
shapes and, as the haemoglobin is readily expressed from 
any part of the corpuscle, compressed irregularities in 
colour are usual. 

Leucocytes are distinguished by their size and the 
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absence of colour. As seen in the fresh blood they are 
usually granular, the granules being best seen on closing 
the iris diaphragm of the microscope. Variation in the 
granules wiU be noted, and the coarse, highly refracting 
granules of the eosinophile leucocytes are quite charac- 
teristic. These granules are often mistaken for pigment 
by beginners. Letting in more light, which brings out 
pigment granules more strongly and shows these normal 
granules to be translucent, wiU remove this difficulty. 
The characters of the nuclei and of the granules are best 
studied in stained specimens. The amcjeboid movements 
and phagocytic properties are best seen in these fresh 
living fluid films. 

The Blood Platelets are the most difficult objects 
to see, as they are colourless, non-granular and differ 
little in refractive index from the plasma. 

The size and arrangement in groups, points that vary 
in different specimens of blood, should be noted. The 
irregular serrated margins they acquire in a short time, 
from the formation of filaments of librin^ are character- 
istic of these bodies. These elements are more readily 
seen in stained or over-stained specimens. 

Many methods of staining blood, whilst still in a fluid 
condition, by admixture with stains have been employed. 

The usual practice is to place a drop of sufficiently 
dilute stain on the slide, then take a minute drop of blood 
on the cover-glass and drop this on the drop of stain, so 
that the blood and stain spread out together. A certain 
admixture takes place at the edge of the drop of blood 
and in a little time the stain diffuses further into the 
blood. 

Various solutions of stain have been used. Braddon's 
is perhaps as good as any,* In this, as well as in other 



* Braddon's solution is composed of t per cent. pot. citrate, 
I — 2 per cent, methylene blue. Water to 100 parts. 
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aqueous stains, the water causes a liberation of the 
haemoglobin, and the dissolved hsemoglobin precipitates 
the stain, or dt'bns is stained by the stain. 

If this process takes place in the serum little confusion 
is caused, but if, as frequently happens, it takes place 
as the stain penetrates the red corpuscles it causes the 
formation of a complicated stained arrangement in the 
interior of the red corpuscles, which has been mistaken 
for parasitic growth. To avoid this error, a strong salt 
solution is used by some so that the red corpuscles are 
not destroyed. Others, for the same reason, use ascitic 
fluid. 

Malarial parasites are well stained by this method, and 
it has the advantage of requiring no fixation and conse- 
quently is rapid- 

Dried Films. — These can be made in many ways, 
most of which after little practice give excellent results. 
In all methods it is important that the skin should not 
be touched by the slide, cover-glass or paper, but only 
the top of the drop of blood. Neglect of this precaution 
will result in the admixture of epithelial scales with the 
film. 

(i) In this method a drop of blood is taken on the 
surface of a slide near one end. Tlie edge of another slide 
is brought into contact with this drop which then spreads 
out so as to fill the angle between the two slides, the 
whole extent of the parts in contact. On pushing the 
upper slide towards the other end of the lower slide a 
film of blood will be left behind. The thickness of this 
film is easily regulated as, if the angle between the two 
slides is acute, the film left behind will be very thin. If 
the angle be near a right angle a thick film will be left. 
An angle of about 45° gives the desired thickness, but 
it is well to slightly vary the thickness of the film by 
alternately shghtly increasing and diminishing the angle 
made between the two slides as the upper one is pushed 
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'alongj so that different parts of the film will be suitable 
for examination for different purposes. 

I A slight modification of the method is to take up the 
drop of blood on the edge of the upper slide and bring 
this drop of blood and the edge of this shde into contact 
with the upper surface of the lower slide and proceed as 
ibove {fig, ig). 



Fig, 19. 



(2) A drop of biood is taken on a slide rather nearer 
one end than the other, and the larger the drop the 
farther from the middle. Another slide, a glass rod, or, 
perhaps best, the shaft of a needle is then applied to this 
drop so that the blood spreads along the whole of the 
line of contact. The upper slide, glass rod, or needle is 
then drawn across tlie lower slide and an excellent film 
will be left (fig, 20). 

(3) Cigarette paper, or gutta-percha cut in the form of 
a narrow slip, is used in this method. The lower surface 
of the slip is brought into contact with the drop of blood 
on the finger or ear. This drop adheres to the slip on 

4 
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removal. The edge of the shp is placed on the slide and 
the blood then spreads out between the tissue paper or 
gutta-percha tissue, and on puUing the free end of the 




FiG; 20. 




Fig. 21. 



slip a good but usually scratchy film will be left (fig. 
21). 
These three methods can be used for cover-glass pre- 
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parations, particularly if long cover-glasses be used, but 
are best for slides. 

(4) The last method advocated is not satisfactory with 
slides but is useful for cover-glass preparations* 

A small drop of blood is taken on one cover-glass and 
this cover-glass is then applied to a second so that the 
blood spreads out between them. The cover-glasses are 
arranged diagonally so that the comers of each cover- 
glass can be taken hold of. The upper cover-glass is 
then drawn or slid over the lower, care being taken that 
it is not lifted off. A good film should be left on each 
cover-glass (fig. 22). 



F 10^23. 



In case of emergency any piece of flat glass, broken 
window-pane, &c., can be used and good films obtained, 
but the best films are those in which the slides are of 
good quality, even in thickness and free from scratches, 
dirt, grease or irregularities. 

The films, however made, should be dried rapidly but 
not heated, by waving them to and fro in the air. Other- 
, wise crenation and distortion of the corpuscles will take 
place* 

Fixation. — If such films were placed in water or 
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aqueous solutions of stams the hasmoglobin would be 
dissolved out and the corpuscles more or less destroyed. 
It is therefore necessary to fix the fUms. 

Films can be fixed by heat, but a temperature above 
a certain point vacuolates and distorts the red corpuscles. 

A^ a general rule in blood work, fixation by heat should 
be avoided, though for one method of staining — the 
EhrHch-Biondi — fixation by heat is necessary. Good 
results are more difficult to obtain in the Tropics by this 
method than in England, and, as the same information 
can be obtained by easier methods, it is not recommended 
for tropical work* 

Fucation by absolute alcohol, or by absolute alcohol 
and ether in equal proportions, gives good and reliable 
results. Fix for ten minutes or more and then dry in air. 

There are other methods of fixation, and of these ex- 
posure of the film to the vapour of 40 per cent, formal- 
dehyde (formalin) for two minutes is perhaps the best* 

Saturated solution of perchloride of mercury does not 
give good results with films of malarial blood as the 
parasites do not stain well after the use of this reagent, 
but for other blood work the results are fairly satisfactory. 

When fixed the film can be stained, and the number of 
stains that have fceen employed is very large. Of the 
methods most generally applicable, the following have 
the special advantages and drawbacks indicated. Often 
two or more methods can be employed on different slides 
with advantage in order to bring out special features ion 
the blood, ^ 

H.5iMATOxyLiN. — Any good haematoxylin stain will 
stain most of the basic elements in the blood and most 
of the parasites. The number of preparations used is 
large. The formula recommended is composed of a mix- 
ture of — 

H^ematin . . . , . . 2f grammes. 

Absolute alcohol . . . . 50 cc. 
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50 grammes or to 
saturation. 
Water • , • . • • . • 1000 cc. 

The haematin is dissolved in the alcohol and added 
to the solution of aJum in water. 

In warm weather this stain matures rapidly, two or 
three weeks being sufficient. When mature the sides of 
the vessel containing the stain are deeply stained. Like 
aU other haematoxylin stains, it must be tested before 
use to find the time required for staining. When properly 
mature this preparation requires about seven to ten 
minutes to stain blood well. It need not be filtered im- 
mediately before use. The stain may be placed over the 
film, or the shde with the film on it may be immersed in 
a pot of the stain, which should be well shaken before use. 

If the stain is placed on the slide do not pour off the 
stain, but flush it off. If well flushed, even when a dirty 
stain is used, little deposit will be left on the film. If 
the stain be poured off, however much the slide is then 
flushed or washed, dirt from the stain wiE adhere to the 
film. After flushing off the stain leave in ordinary tap 
water for five minutes. Drain and allow to dry. 

As a counter-stain eosine is usefuL An aqueous i per 
cent, solution of yellow eosine (soluble in alcohol) is used. 
It will stain in twenty to thirty seconds ; then w^ash and 
allow to dry. A film so prepared is in a fit condition for 
examination with an oil immersion lens. The oil can be 
placed directly on the films, but if it is intended to keep 
the film, it is simpler to mount in xylol balsam and then 
examine. Plate L shows the appearances of the blood- 
ceUs stained in this manner. 

Red Corpuscles. — The red corpuscles are stained by 
the eosine, and the depth of the colour varies according 
to the richness in hsemoglobin of the corpuscles. As in 
fresh bloodj the size, depth of colour and shape of the 
red corpuscle should be observed. Among the rarer 
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forms of normal blood are red corpuscles which hardly 
stain with eosme, shadow or ghost corpuscles, poly- 
chromatic corpuscles, which are faintly stained with both 
stains, so as to have a purplish colour (Plate I., lO), and 
red corpuscles containing granules which stain deeply 
with the basic stain used, hematoxylin. The last cells are 
described as containing basophilic granules (Plate I., g). 
Nucleated red corpuscles are very rarely present in the 
blood of healthy individuals, but are found not only in 
blood of patients markedly anaemic but also in some 
cases of malaria, &c. The nucleated red corpuscles have 
a nucleus staining deeply, but not evenly, with hfema- 
toxylin (Plate I., 3 and 4}. They have a sharply defined 
margin. Not unfrequently the nucleated red corpuscle 
itself is polychromatic, or contains basophilic granules. 
Such nucleated red corpuscles may be larger {megalo- 
blasts), smaller (microblasts), or the same size (normo- 
blasts), as the normal. 

The Blood Platelets are stained feebly with both 
stains and have a uniform faint purple colour. In an 
overstained specimen the network of fibrin filaments, 
starting from either a single plate or a group, is plainly 
brought out, but in a normally stained specimen only the 
platelets and the bases of these filaments are revealed 

(Plate I, 5). 

White Corpuscles. — The leucocytes have their nuclei 
stained deep blue. The protoplasm is stained differently 
in the different varieties of leucocj^tes, but granules, with 
the exception of those staining deeply with eosine, are 
not brought out by this method. They are visible in the 
unstained leucocytes and can be stained by other stains* 

In normal blood four varieties of white corpuscles can 
be differentiated. Of these two have a single more or 
less rounded nucleus. These mononuclear leucocytes 
are of two classes, though it is not always easy to say 
to which class a given mononuclear leucocyte belongs* 
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Still, mth practice the number of doubtful instances 
greatly duninishes. The points to be considered in the 
differentiation are the size of the corpuscle, the shape 
and staining reactions of the nucleus, the stain taken 
up by the protoplasm, and the relative amount of proto- 
plasm as compared with the nucleus. ^^ 
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Fig. 23. 
a, Lymphocytes : b. large mononuclear leucocytes ; c, transitional 
leucocyte ; d, polymorphonuclear leucocytes ; e, eosinophile leucocytes. 

(l) The small mononuclear leucocyte, or lymphocytEj 
is usually not much larger than a red corpuscle and varies 
from 7 ^ to 12 /i. The nucleus stains deeply and forms 
the greater part of the corpuscle. The protoplasm is 
often reduced to a mere rim, and in any case, is relatively 
scanty in proportion to the size of the nucleus (fig. 23a). 
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The protoplasm is stained faintly pink^ much the same 
as the protoplasm in the poljmiorphonuclear leucocyte 
(Plate I,, ir). 

{2) The Large Mononuclear Leucocytes (fig. 236), 
sometimes called the hyaline cells, are variable in size, 
but some of them form the largest white elements in 
normal blood. The nucleus is not so deeply stained 
as in the lymphocyte. The protoplasm is relatively 
abundant and stains slightly with basic stains. It may 
be unstained or faint bine, or^ if pink, is less so than 
the polymorphonuclear leucocyte. 

All these points have to be taken into account in the 
separation of these leucocytes (Plate L, 12). 

Some corpuscles are found with the nuclei deeply in- 
dented, or horse-shoe shaped. In staining reactions they 
resemble the large mononuclear and are probably ad- 
vanced forms of these and not, as usually described, 
transitional f o ms between these and the polymorpho- 
nuclear leucocytes (fig. 23c), 

The other two classes of leucocytes are much easier to 
distinguish, 

(3) The Polymorphonuclear Leucocytes (fig* z$d)y 
sometimes incorrectly called polynuclear, form the greater 
number ol the !eucoc5rtes. They are rounded cells, which 
are granular in the fresh blond, but the granules are not 
stained by the method we are now discussing. The 
characteristic of these cells is the variety in form of the 
nucleus* The nucleus stains deeply with the haematoxylin 
and at first sight appears to be multiple. Closer examin* 
ation shows that the different parts of the nucleus are 
re^ly connected together, though often by a mere string 
or filament. 

The form in dried uncompressed specimens is round, 
the size fairly uniform, and the protoplasm stains a faint 
pink (Plate I,, 13)* 

(4) The fourth variety has a deeply indented nucleus, 
sometimes divided into three. The nucleus does not 
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stain so deeply with hcematoxylin as in the polymorpho- 
nuclear leucocytes, but the characteristic of this leucocyte 
is the presence of a large number of coarse granules which 
stain deeply with eosine. Hence these leucocytes are 
called eosinofhile (fig, 23^). This leucocyte is more loosely 
attached together than any other, and it is no uncommon 
event for one to be ruptured in making the film, so that 
the nucleus is seen surrounded by a cloud of granules 
stained with eosine (Plate L, 14). 

These four varieties of leucocytes are all present in 
normal blood, but in relative numbers varying \vithin 
comparatively small limits. The variattoiis are shown 
in fig. 23* 

The normal proportions are given variously as ; — 
Lymphocytes * , . . . . 10-25 P^^ cent. 
Large mononuclear . . . . 5-10 ,j „ 
Polymorphonuclear . . , < 65-75 >? ?? 
Eosinophiles , . . . . . 2-4 ,, „ 

It will be seen that the l3miphocytes are the most 
variable elements and, in an individual, they vary during 
the same day from hour to houfj according to the stage 
of digestion. 

In many diseases, and for some time after these diseases, 
there is a marked variation in the relative proportions of 
these blood elements. A most important vEiriation is 
that which occurs during, and still more markedly after, 
a malarial attack. The leucocytic variation, characteristic 
of malaria, is a relative increase in the large mononuclear 
elements, so that they constitute 20 per cent, or more 
of the leucocytes found. The increase appears to be 
constant and it is rarely less than 20 per cent,, though 
it may be twice as great, so that they may in that 
case constitute 40 per cent, or even more of the total 
leucocytes. 

It occirrs in all forms of malaria and persists after all 
other signs or symptoms of malaria have disappeared. 
It is found sometimes three months or more after an 
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attack and rarely disappears, or even diminishes, m a 
month. It is not affected by quinine* It is occasionally, 
but rarely, found in typhoid and Malta fever and in other 
conditions, but in these diseases it is not persistent. In 
trypanosomiasis it appears to be constant. The total 
number of leucocytes is not increasedj and there is a 
decrease in the total number of leucoC5rtes in malaria 
during the febrile period. 

A relative increase in the polymorphonuclear elements 
occurs in pneumonia and in many septic conditions, 
particularly when deep-seated abscesses form, such as 
in peri typhli tic or hepatic abscess. In such cases there 
is also an absolute increase in the number of leucocytes. 
These diseases can therefore be distinguished from 
malaria, which they may resemble clinicaUyj by a differen- 
tial leucocyte count. 

Increase in the relative proportion of eosinophiles 
occurs from many causes^ some of which are unknown. 
It is marked in most cases of anaemia from ankylos- 
tomiasis and occurs also in many cases of hlariasis and 
in some cases of biUiarzia infection, and is said to be 
constant in trichinosis. The blood examination may 
often give a hint as to the presence of some of these 
parasites. As the increase occurs also from unknown 
causes, and in some skin diseases, in itself it is of no 
certain diagnostic value. 

The proportion of lymphocytes is so variable that only 
an enormous increase is of importance. This occurs in 
scurvy and is associated with an increase in the other 
mononuclear elements. 

A differential leucocyte count must not be confused 
with an actual enumeration of the number of leucocytes 
present in a given volume of blood. That has to be 
determined separately as we shall see subsequently. To 
make a differential count of the leucocytes a dried fihn 
of a small but uncertain volume of blood is prepared and 
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stained. AH the leucocytes found in a systematic 
examination of a part of this film are counted and the 
percentage of each different variety met with is thus 
ascertauied. For accurate work not less than 500 should 
be counted^ but for chnical purposes 200 will often suffice. 
The edges of the film where leucocytes are most nu- 
merous, should not be included in the enumeration. 

Abnormal elements resembling leucocytes are present 
in certain diseases, particularly in leucocyth^mia. These 
abnormal elements are known as Myelocytes from their 
similarity to cells found normally in the bone maiTOw 
(tig. 24). They are of three kindSj all mononuclear. 
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(i) The first form is variable in size^ the greater 
number of them are much larger than the large mono- 
nuclear leucocytes. With eosine and hsematoxylin, as 
the granules which they contain are not stained, it is 
sometimes difficult to distinguish the smaller ones from 
the larger of the mononuclear leucocytes. For practical 
purposes the difficulty is unimportant, as when myelo- 
cytes occur they are common and most of them are 
readily distinguished from the leucocytes. 

In these myelocytes the nucleus stains less readily and 
is therefore paler than that of the large mononuclear 
leucocytes. The edge of the nucleus is frequently ragged. 
The protoplasm is abundant and stains in many cases 
more deeply with eosine than the large mononuclear 
leucocytes do. Mitotic figures are often met with. 

(2 and 3) The other two forms of myelocytes contain 
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granules which stain deeply with eosine. They are sub- 
divided according to the size of these granules, wliich may 
be coarse, as in the eosinophile leucocytes, or fine. The 
distinction is probably unimportant. These myelocytes 
are distinguished at once from eosinophile leucocytes by 
the single nucleus, and from each other by the size of the 
eosinophile granules {Plate L, 15, 16, 17). 

These cells are the abnormal cellular constituents that 
may be met with in blood specimens stained with eosine 
and haematoxylin, and they must be clearly recognised 
before any satisfactory examination for parasites can 
be made. In themselves they are of considerable Lm- 
portance in the recognition of various diseases and for 
prognosis. 

In pernicious anaemia and in chlorosis the changes 
in the red corpuscles, the irregularity in their size, shape, 
and colouring are of clinical value, and in most tropical 
ansemiaSj including that occurring in malaria, the changes 
are similar to those in a mild case of pernicious anaemia.* 

LeucocythEcmia is readily recognised by the enormous 
increase in the number of the white elements which, as 
we have seen, take on basic stains. This increase is so 
great that the appearance of a dried film indicates it 
unmistakably, and it is not, for diagnostic purposes, 
necessary to make any count. The presence in numbers 
of the eosinophile myelocytes is conclusive proof of the 
implication of the bone marrow, whilst the absence of 
this form of abnormal cell indicates more probably a 
lymphatic leucocythaemia. 

* Between these two forms of anaemia the main difference 
observed in blood examination is that in chlorosis the number 
is not diminished J bnt the haemoglobin is^ so that each corpuscle 
is poor in hemoglobin, In pemicious anaemia there is a great 
diminution in the number of corpuscles^ but the hBemoglobin 
value of the corpuscles averages much the same as normal blood. 
Mixed or intermediate cases occur. 
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In all forms of leucocyth^mia. decided changes are also 
found in the red corpuscles. Irregularities in size, shape 
and depth of colour are common, and nucleated red blood 
corpuscles occur often in large numbers. Polychromatic 
red corpuscles and red corpuscles showing basophilic 
granules are also common. 

If no abnormal cells are present the relative propor- 
tions of the normal cells may be so changed that we can 
diagnose with some degree of probability septtc processes, 
recent malaria or helminthiasis, 

Eosine and h^ematoxylin can be used for staining any 
of the parasites found in blood. The stains are easily 
prepared, keep well, and their use is not dependent on 
distilled water or appliances which are not obtainable 
every^vhere. 

It is not a very brilliant stain, and therefore other 
stains giving more marked contrast are for some purposes 
preferable. It does not stain the granules present in 
many of the white elements of the blood, and though 
of general application, other stains are of greater value 
for special purpos'^s and have special advantages. 

Two combinations of methylene blue and eosine dis- 
solved in methyl alcohol are much used. The first is the 
Louis Jenner stain. It is made by adding an eosine 
aqueous solution to one of methylene blue. The stains 
combine and form a precipitate which is collected in a 
filter, dried and dissolved in methylic alcohol. 

This stain can only be used with fUms that have not 
been fixed. The methylic alcohol does all the fixing 
required. Films fixed in methylic alcohol do not stain 
satisfactorily. Distilled water is also an essential. 

The stain may be placed on the film, slide or cover- 
glass for three and a half to four minutes, or, and this is 
■ better, the slide or cover-glass can be placed in the stain 
I in a well-stoppered bottle for the same length of tune* 
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respect leading to poor results. The stain must be 
flushed off with distilled water, and it is better to allow 
the distilled water to stand on the film for half a minute 
after washing. The water can then be drained or blotted 
offj the film allowed to dry, and the specimen examined 
directly with the oil immersion. When it is considered 
desirable to keep the specimen a drop of xylol balsam 
should be placed on the film and covered with a cover- 
glass. 

With this stain the red blood corpuscles are stained 
pink, the depth of colour varying with the amount of 
haemoglobin which the corpuscles contain (Plate III,, i). 

The nuclei of the leucocytes are stained a clear blue, 
the eosinophile granules are stained deep red, and the 
granules in the polymorphonuclear leucocytes^ w^hich it 
will be remembered are not stained with eosine and hae- 
matoxylin, are brought out as fine dull-reddish granules. 

Basophilic granules contained in cells are stained blue, 
this occurs both in w^hite cells and in some red corpuscles. 
This stain is a good stain for many parasites, particularly 
those of malaria. Bacilli and cocci are also stained blue. 

Some specimens of the Louis Jenner stain bring out 
the special stain of the important constituent of nuclei 
known as chromaiin. A modification of the method and 
of the methylene blue is required to bring out the chro- 
matin with certainty. 

Many methods have been employed for this purpose, 
most of them modifications of Romanowsky's method. 
The simplest^ the most rapid, and on the whole most 
satisfactory of these methods is that introduced by 
Leishman. A saturated solution of methylene blue, 
preferably " Hochst's pure medicinal," is made. This 
solution has to be rendered polychrome, so that in addi- 
tion to the pure blue colour of the ordinary methylene 
blue it is in part changed into a red stain. The change 
is indicated by a change in colotu: of the solution, so 
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that in thm layers it has a reddish tinge. The solution 
of methylene blue becomes to some extent polychrome 
when exposed to air for some months, but for practical 
purposes a quicker transformation is required. There 
are many methods. Repeated heating in a sterihser 
accelerates the change, Leishman uses a r per cent, 
solution of methylene blue (Grubler's), and adds 5 per 
cent, sodium carbonate to it. This solution he keeps 
at a temperature of 65^ C. for twelve hours, and then 
exposes to air for a week or more. 

J, H. Wright adds to a 4 per cent, solution of sodium 
bicarbonate i per cent, of methylene blue (Griibler's 
B. X,, Koch's or Ehrlich's rectified). This solution is 
steamed in a steam sterihser for one hour, this effects 
the required transform ation, and the solution may be 
used as soon as it is cold without filtering, 

A convenient method, and more suitable where steam 
sterilisers are not available, is to treat the saturated 
solution of methylene blue with Ireslily precipitated oxide 
of silver. A solution of sodium hydrate is added to a 
solution of nitrate of silver till no more precipitate forms. 
The precipitate is washed till the washings are neutral 
to litmus paper. The precipitate, oxide of silver, is 
added to the saturated solution of methylene blue, and 
it is allowed to stand for twenty-four hours or more. A 
considerable proportion of the methylene blue in solu- 
tion wiM be converted into polychrome methylene blue. 
The superjacent solution should be decanted off from 
the precipitated silver salts and filtered before use. It 
improves with keeping. 

Whatever method be adopted for rendering the methy- 
lene blue polychrome the subsequent proceedings are 
the same. 

One hundred cc. of this solution of polychrome methy- 
lene blue are placed in a large shallow vessel (a half- 
inch photographic tray is a suitable one), and then a 
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I in 1,000 eosine aqueous solution is added till a thick 
film forms on the surface and the fluid shows the colour 
of the eosine. About 400 cc, or a little more will be 
required, but the change in colour is the guide. The 
mixture should be well stirred and then be allowed to 
stand exposed freely to air for some hours, stirring 
occasionally, and filtered. The residue in the filter is 
composed of the stain. It should be well w^ashed with 
distilled water till the washing has only a faint bluish 
tinge; and then it is thoroughly dried, preferably in 
an incubator at blood heat. The stain must be finely 
powdered before use. 

Two centigrammes of the pow^der can then be dissolved 
in 100 cc, of pure methyl alcohol, and the stain is ready 
for use. It is perhaps more convenient to make a 
saturated solution of the stain in methyl alcohol, filter 
in the cold, and dilute with one-tenth of its bulk of 
methyl alcohol, so that a solution is made which is not 
quite saturated. 

To Use the Stain. — With a pipette two or three drops 
of the stain are placed on the dried tmfixed blood film 
on slide or cover-glass, and allowed to stand on it for 
half to one minute. If it shows any tendency to dry 
over any parts of the film in this period fresh stain 
must be added. To the fluid stain on the slide at the 
expiration of this half or one minute distilled water 
must be added drop by drop, and by oscillating the slide 
the stain and water are mixed as rapidly as possible- 
The amount of w^ater required should be about double 
that of stain, but a better guide is to add the water 
in such an amount that when mixed with the stain the 
dark blue colour of the latter is replaced by a pinkish 
colour in the mixture, whilst the precipitated stain can 
be seen floating in the fluid. With a little practice 
the right amount of water required in each case is easily 
found, and slight variations from exactitude are not 
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of great importance. The water mixed with the stain 
should be allowed to remain on the film for five minutes^ 
or with old or thick films for a longer period. It is 
quite easy to watch the staining under a low power 
on the microscope. 

The stain is then flushed off with distiDed water, 
and a drop of distilled water is allowed to remain on 
the film for about one minute, A certain amount of 
the blue is dissolved, and the red corpuscles acquire 
a clearer red colour. This clearing with distilled water 
is essential to obtain good results. The more deeply 
the specimen is stained the longer will be the time re- 
quired for clearing. This stage of the process is watched 
under the microscope and stopped when the clearing 
is suf&cient. The water is then washed off rapidly with 
distilled water, the specimen drained or blotted and 
allowed to dry. Mount in xylol balsam and examine. 

The principle of all modifications of the Romanowsky 
stain for chromatin is that the staining takes place 
during the precipitation of the stain ; in the original 
processes during the precipitation of the mixture of 
aqueous solutions of the stains, and in Leishman's 
method during the precipitation by water of the com- 
bined stains dissolved in methyl alcohol. 

Absolute alcohol with 3 per cent, aniline oil can be 
used as the solvent instead of methyl alcohol, and the 
solution treated as Leishman treats the methyl alcohol 
solution. The results are not so good as with methyl 
alcohol for a solvent, but are very fair. It is not to 
be recommended except where methyl alcohol cannot 
be obtained : the time for all the stages of the process 
should be doubled if this solvent be employed. 

Another modification can be used for films fixed in 
alcohol. 

In this method staining takes place during the ad- 
mixture and mutual precipitation of the eosine and 
5 
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polychrome methylene blue. A i per cent, solution of 
pure medicinal methylene blue (Griibler's) is made in 
distilled water and i per cent, sodium carbonate added. 
This solution keeps well and is fit for use when a reddish 
tinge appears. This change is expedited by keeping 
in an incubator, 

A second stock solution is a i in i,ooo solution of 
eosine extra B,A, (Griibler). This is fit for use at once, 
and keeps well if not exposed to light. 

These are stock solutions, and should be diluted with 
twenty-four parts of pure water before use. The solu- 
tions are rapidly mixed and stirred, and the slips or 
covers are placed with the film side downward in the 
mixture. The dish should be rocked from time to time 
and the films left in the stains for half an hour or more 
till well soaked. This is tested by examination of the 
slide whilst still wet under a low power. 

The specimen should then be washed in distilled water, 
rapidly dried, and examined again under a low power. 
If too deeply stained a little distilled water may be 
left on the slide to clear it for a minute or more. Blot 
off the water, dry in the air and examine directly, or 
after mounting in Canada balsam. 

In specimens of blood stained by Romanowsky's 
method and its modifications, there are several distinct 
colours to be observed (Plates IIL and IV.). 

Chromatin is stained red. Other elements taking 
basic stains are mostly stained blue in various shades, 
and the red corpuscles are stained a peculiar pale pink 
with the eosine. Some granules, as those in mast cells, 
are said to be metachromatic, as, though they stain 
deeply, the colour is different to that of the stain used. 
{Plate III., 7). 

Polychromatic red corpuscles are stained purple and 
basophilic granules are well brought out as blue dots. 
The nuclei of nucleated red blood corpuscles are found 
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to be rich in chromatin, and consequently the nuclei 
are stained a deep violet-purple. 

In corpuscles invaded by certain parasites, viz., those 
of human benign tertian, granules or dots staining red 
are found. In amphibian blood corpuscles invaded by 
one species of drepanidium similar granules occur. 
These granules are known as Schuffner's dots, and 
indicate a peculiar form of degeneration (Plate III,, 21, 
and Plate I V„ 7, 8, 9), 

The Blood Platelets are stained faint blue, with 
numerous red partides which sometimes form a mesh- 
work* These partides are deeply stained and render 
the platdets very conspicuous (Plate IIT, 2}. 

The Leucocytes, with the exception of the eosino- 
phile, are wdl stained, but in many specimens the eosino- 
phile granules do not show a dear red. The large size 
of the granules is shown, and there is no real difiiculty 
even in a badly-stained specimen in recognising these 
elements. They do not, however, form as conspicuous 
objects as in specimens stained by Louis Jenner's stain. 
The nudei of the polymorphonuclear leucocytes stain 
purple. The staining is not regular but in patches. The 
protoplasm contains minute granules, usually in very 
large numbers, staining brownish-red. The protoplasm 
itself is very faintly stained. 

The Large Mononuclear Leucocytes,— The nudei 
stain faintly purple. The staining is not uniform, but 
presents a thin grained appearance. The protoplasm 
stains a faint blue, and imbedded in it are granules, 
which may be coarse or fine, and stain a deep dear red 
{Plate IIL, 4), 

The Lymphocytes. — The nudei stain a deep purple 
from the large amount of chromatin contained. The 
staining is more imiform than in most of the leococyies. 
The protoplasm is stained deep blue, is nearly uniform, 
and has no granules staining a different colour (Plate 
III,, 3)^ 
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Mast Cells. — The nuclei are stained very faintly, and 
when the basophilic granules are numerous are difficult 
to make out. The granules in the protoplasm form 
large and irregular masses, and stain a deep purple- 
brown (metachromatic) (Plate III., 7). 

Myelocytes have in most cases a rather feebly-stain- 
ing nucleus, poor in chromatin. The nuclei are large, 
but the relative amount of protoplasm varies greatly, 
in many cases a mere rim only of protoplasm is found 
(Plate IIL, 9). 

Granules taking either the acid or basic stain, or both, 
are present in most of the cells, sometimes in small, but 
more commonly in large numbers. Sometimes two, 
or even three, classes of granules are present in the one 
cell (Plate III., 10 to 13). 

A detailed classification of these abnormal cells would 
be very difficult, as intermediate forms abound. 

Amongst these cells are a small number with a large 
nucleus richer in chromatin than most of the myelo- 
cytes, and a rim of protoplasm staining a deep blue. 
These are not unlike the large cells found in a case of 
trypanosomiasis and in other ill-determined blood con- 
ditions, but in those the protoplasm is relatively to the 
nucleus in larger amount (Plate III,, 9). 

The true myelocytes include the eosinophile myelo- 
cytesj but in these there is, in most cases, some admixture 
of neutrophile or basophile granules, as shown by this 
stain. 

The main classes of granules revealed by this stain 
are pure oxyphile or eosinophile, basophile staining blue, 
and neutrophile, which take up both acid and basic 
stainsj including in some instances the red modifica- 
tion of the methylene blue and metachromatic granules. 
According to the relative proportions of the stains, these 
granules present a range of colours from blue to red, 
or to a purple-brown, and differ also in the intensity of 
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the staining and the size of the granules. Too little is 
known of the micro-chemistry of such cells, or in detail 
of their origin, for the meaning and value of the different 
granules found to be of much practical importance at 
present. 



CHAPTER IV. 

Animal Parasites Found in Blood. — Of the four 
great divisions of the protozoa, the sporozoa and mas- 
tigophora are found in human blood. 

To the Sporozoa belong the parasites which cause 
malaria in men. These are foimd in the red blood 
corpuscles. 

The Mastigophora (flagellated organisms) are repre- 
sented by tr3^anosomes, which are foimd in the blood 
plasma.* 

Protozoa are found in the blood of many of the lower 
animals, and the better known of these will be considered 
in brief. 

Belonging to the higher animal kingdom are Tre- 
MATODES, of which the Bilharzia hcematohia is found 
in certain blood-vessels, and Nematodes, represented 
by the filaria and filarial embryos. 

The Examination of the Blood for Protozoa. — 
An essential feature of the examination consists in the 
examination of the fluid blood as soon as possible after 
its removal from the body. Many of the parasites exist 
in the red blood corpuscles, so that the film must be 
so thin that in a great part of the film the red corpus- 
cles are all lying flat and separate from each other. 

♦ Spirillum Obermeyeri, the cause of relapsing fever, is by 
some believed to belong to the protozoa. It occurs in the blood 
plasma, and for convenience will be considered with this class of 
parasites. 
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tt€ method of making such thin fluid films already 
*i^scribed must be strictly adhered to. It is often urged 
thi,^t examinations of stained films are more convenient 
^^t^d better, but it cannot be too strongly insisted on 
"^tiat most of the important errors which have occurred 
^^ve been due to the exclusive use of stained specimens, 
^^d also that the phenomena of life can only be satis- 
factorily observ^ed in the fluid blood. These include 
^^me points of diagnostic value, namely, the character 
^nd movements of the pigment, and the activity of the 
^^mceboid movement and the formation of flageUa. 

Stained films have their \^alue, and show more clearly 

^ome points in the structure of the parasites. In busy 

practice it is often more convenient to defer for some 

lours the examination of the films, and therefore stained 

specimens are in such cases more useful. In any case 

■ of difficulty, or when dealing with a parasite beUeved 

Hto be new, both methods should be adopted, 

H Dried films can be made by any of the methods already 

^described, and the parasites stained by the methods 

^wrecommended. The films deteriorate when kept, and 

^^should therefore be examined as early as convenient, 

though a delay of a few days is not of much importance. 

H Other methods can be adopted if only the presence 

or absence of parasites has to be determined* 

I The methods generally used can be divided into three i — 
A. — Where preliminary fixation is required before 
staining. 
B. — When fixation and staining are effected 
together, 
C, — When fixation is avoided. 
A.— Films to be fixed by immersion in alcohol or 
cohol and ether. 

(i ) H.^MATOXYLiN alone, or h.^matoxylin and eosine. 
These stains can be used as already described, but 
better results are obtained by doubling the time for 
staining with hematoxylin- 



(3) Stain the fixed film with Bokax Meth\tlene Blue. 
This stain is composed of methylene blue 2 grammes, 
borax 5 grammes, and water 100 cc. 

Place a few drops of the stain on the dried and fixed 
film and leave it for thirty seconds. Wash well with 
water, allow to dry, and examine directly, or mount 
in xylol balsam* 

It is very easy to overstain by this method, and in 
such a case the red corpuscle will also be stained blue 
and the parasites will not stand out clearly, , 

This stain is the quickest used, and on account o£ \ 
the risk of over-staining some authorities dilute it with 
one, two, or three times the volume of water* The 
stain keeps well. j 

(3) Carbol Thionin. — A stock solution of thionin 
1^ grammes J alcohol 10 cc*, and i in 20 aqueous car- 
bolic solution to 100 cc, is made. This stock solution 
keeps well, but is too strong to use for fUms. Before 
use it should be diluted with three parts of water. This 
diluted solution does not keep for more than a few days. 
For use, cover the film and leave the stain on for five 
minutes or more. It does not easily over-stain, so that 
only the minimum time need be remembered ; still, 
to get good results half an hour is about the limit. Flush 
off the stain, allow to dry, and examine directly, or 
mount in Canada balsam. 

It is a good, dear, transparent basic stain and gives 
a very fair contrast. Bacteria, as well as animal para- 
sites, are well stained, and it is one of otu: best stains 
for the demonstration of parasites in tissues, ! 

(4) ToLUiDiNE Blue is a stain which has some points 
of resemblance with thionin. The stain is best kept 
as a saturated alcoholic solution and diluted lor use 
TOth twenty parts of i in 80 aqueous solution of car- j 
bolic acid. The fixed film should be coveied with the 
stain for ten minutes or more. It is diificult to over- j 
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stain, and good results are obtained even if the film 
be left in the stain for twenty-four hours* This is an 
advantage, as the specimens can be left to stain whilst 

other occupations are pursued. The main advantage 

of the stain is that the pigment is less obscured than 

in specimens stained by carbol thionin. 
If blood examinations are frequently required, it is 

we]l to keep the stains in a wide-necked stoppered 



Fig, 2$. 

bottle, and simply place the slide in the stain for the 
time required instead of putting the stain on the slide. 
Many of the stains form films on the surface, and if 
this film of stain comes into contact with the blood 
film it wUl adhere to it. The bottle of stain should be 
shaken vigorously before use. The fixing agent can 
be kept in the same way (fig. 25). 

B.^ — These methods include the use of Louis Jenner's 
stain and the stain used in Leishman's modification 



of Romanowsky's method, as in both of these the methyl 
alcohol fixes the film. The method of using these 
stains for the examination of normal blood has been 
already described. It suffices for the demonstration 
of all the protozoa. The stain, particularly Leishman's, 
gives most brilliant results, and show more points in 
the structure of parasites than any other method. The 
disadvantages are : (i) The necessity of having distilled 
water, though where the rainfall is heavy and away 
from the sea, rain-water can often be used ; (2) methyl 
alcohol is verj'- volatile ; (3) the stains, under circum- 
stances not thoroughly understood, seem to sometimes 
lose their strength in the Tropics, and consequently 
are not so uni\^ersally reliable as the simpler stains 
first described. 

Louis Jenner's stain in particular is unreliablej and 
seems to deteriorate either when kept in the solid con- 
dition or when dissolved. The usual failing is in the 
basic portion of the stain, and unless the nuclei of the 
leucocytes are stained a brilliant blue the stain is worth- 
less for the demonstration of parasites. 

Leishman's stain also deteriorates, but can be made 
satisfactorily with certainty in the manner described. 
But both these stains must be rejected if the normal 
constituents of the blood are not satisfactorily stained 
by them. 

The results obtained by the use of these stains are 
so clear and good that it is a pity to discard their use, 
as a film can be much more rapidly examined when 
stained by Leishman's method than when stained by 
any other method. The worker must, however, be 
prepared to make up his own stain, and, if need be, 
to distil water before he is justified in trusting to these 
stains alone. 

C. — When parasites are scanty they may be easily 
overlooked if thin films onlv are examined. Thick 
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films, if fixed, are too opaque lor examination after 
fixation and staining* 

A useful method with the larger parasites is to make 
^ very thick film and allow it to dry. When dry place 
^^ water, the haemoglobin will be dissolved out and 
Only parasites, leucocytes, blood platelets and fibrin, 
^tli the decolourised remnants of the blood corpus- 
^^s, win be left. Such decolourised films, when dry, can 
^^ stained with any of the basic stains. There is usually 
^^^msiderable distortion of the parasites, but many of 
^^m, particularly crescents^ are quite recognisable, 
^ *^T)anosomes can be more readily found by this method 
3^ ^11 in thin films. A good stain to use with these 
*^^colourised films is carbol fuchsin, diluted with two 
t^^rts of water, Ross prefers to decolourise the film 
^^"^'"ith a weak aqueous solution of eosine, and counter- 
^tain with a weak solution of polychrome blue. It 
^s a useful diagnostic method, but not suitable for ob- 
taining good specimens of the more delicate parasites. 

General Sum^l^ry of the Development of the 
h.emosporidia. 

The Haemosporidia are parasitic in their entire exist- 
ence, and require for complete development two hosts : 
the one a warm-blooded animal, and the other usually 
an insect. In the warm-blooded host reprodaction 
takes place asexuaUy, by the breakmg up of each 
organism into a number of young forms or spores. 

Each of these spores enters a red corpuscle, and 
when it has reached its full development it, in turn, 
breaks up into spores. This is the endogenous or 

ASEXUAL CYCLE OF DEVELOPMENT. The hOSt, during 

this cycle, is the intermediate host. The parasites 

which develop in this manner are known as sporocytes. 

Some of the spores, however, instead of forming sporo- 

cytes, assume the sexual or gamete form. These do not 
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reproduce, or undergo any further change, whilst in 
the intermediate host* If they are taken up by the 
definitive host they become sexually active, conjuga- 
tion takes place, and further development foUows. The 
product of the conjugation^ the fertilised female, increases 
in size and forms a cyst. The contents of this cyst 
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divides into several masses, biastophores, from which 
small, thread-like bodies, zygotoblasts or sporozoites, 
are formed. These bodies, when introduced into a 
suitable animal — the intermediate host — become sporo- 
cytes. 

This cycle is a sexual one, and the host during this 
period is therefore the definitive host. Mosquitoes 
belonging to several genera of the Anophelina are the 




definitive hosts of the parasites of malaria, whilst man 
is the only known intennediate host. 

The diagram (fig. 26) represents in a graphic form the 
two methods of reproduction. The smaller circle repre- 
^^ts the asexual cycle of reproduction, and the larger 
^e conjugation of the male and female sexual forms, 
^th the further development of the fertilised female. 
Parasites of Malaria.^As seen in fresh living blood 
the youngest form of malaria parasite is a small^ white, 
^utided body in or on a red corpuscle. A clearer 
portion can sometimes be made out inside it. At this^ 
^*^ge it varies, according to the species of the parasite, 
"'^^rn one-eighth to one-quarter the diameter of the red 
^^Ood corpuscle. Even the youngest forms of the para- 
^^^^ often show at the edge some sign of amoeboid move- 
^^nt. The parasite increases in size, and the amoeboid 
Movements become pronounced. A parasite seen a 
^^\v hours later will be observed to be not only larger, 
*^\:t to have a few grains of pigment scattered about 
^^side it. The colour of the pigment and the size of 
the grains varies with the species of the parasite. When 
the parasite has reached the fullest growth its pigment 
commences to aggregate, usually towards the centre, 
and traces of division appear in the surrounding pro- 
toplasm. These traces of division become obvious, 
and soon the central aggregation of pigment can be 
seen to be surrounded by separate rounded masses 
of protoplasm — the spores. The remnant of the red 
corpuscle then gives way and the spores are poured 
out into the plasma- A mature parasite, if kept under 
observation on a warm stage, can frequently be seen 
^to break up in this manner. 

B In many cases a leucocyte will appear in the field 
^ and devour the pigment, and often some of the spores. 
That a large number of spores are destroyed is shown 
by the fact that though eac!i tertian parasite forms. 
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twenty or more sporesj the number of parasites in each 
successive cycle does not as a rule increase. 

Free spores are not found in the circulating blood. 
Apparently they either rapidly take shelter in a red 
blood corpuscle or are destroyed by leucocytes or in 
some other manner. 

Stained specimens demonstrate some further points 
in the structure of the parasites. The youngest form, 
the amoebula, is shown to consist of a ring of proto- 
plasm staining with basic stains, a clear unstained space, 
the vesicular nucleus, and a deeply-stained spot, or 
nucleolus^ usually in contact with the ring of protoplasm. 

This is the type of the young form of all the hsemo- 
sporidia. They are all composed of a nucleolus staining 
deeply, a *' vesicular " nucleus^ which does not stain 
with either acid or basic stains, and a surrounding proto- 
plasm which stains, but much less intensely than the 
nucleolus, with basic stains. It is only this surrounding 
protoplasm which is amoeboid, and consequently in 
the very young forms amoeboid movement is not very 
great, as this protoplasnl is so scanty. 

The increased growth of the parasite is mainly due 
to the increased growth of the ring of protoplasm, though 
the vesicular nucleus also enlarges. Pigment or the 
residue of the digested haemoglobin is deposited in this 
protoplasm only. With further growth the vesicular 
nucleus breaks up and disappears, and all that is seen 
is an irregularly-stained parasite with pigment scattered 
through it. Later the pigment becomes pushed into 
one block, and the surrounding protoplasm is seen to 
be divided into masses^ each with a deeply-stained spot^ 
the nucleolus of the young spore. 

Beyond showing the '' ring form," none of the follow- 
ing stains, hsematoxylin, thioniuj methyl blue, &c.j dis- 
close any further structural changes beyond those seen 
in fresh blood* 
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Romanowsky's method, or, better. Leisliman's modi- 

^cation of this method, shows more markedly the stnic- 

^^ral changes, and, in particular, the varying arrangement 

^^ the chromatin. With this stain the youngest form^ 

^moebula or ring form, is shown to have the chromatin 

^^a.nged as a solid block — the nucleolus — which is 

^^^ined deep red. The ring of protoplasm stains blue, 

^tiijst the vesicular nucleus is unstained. At a later 

f ^ge the chromatinj instead of being in a solid mass, 

^een to be composed of scattered points, arranged at 

P^-W of the periphery of the vesicular nucleus. Still 

'^tucr when the vesicular nucleus disappears, points of 

^^Tomatin are found diffused through the protoplasm. 

r^ llis is called '' fragmentation '* of the nucleolus. Still 

^-ter the chromatin aggregates into small masses towards 

^Vie periphery, and a secondary division of this mass 

^^kes place, resulting in the formation of a number of 

^mall chromatin nodules, the nucleoli of the young 

Spores. 

When sporulation is complete each of these chro- 
matin nodules is situated in the interior of a portion of 
the protoplasm of the parasite, and so forms the spore. 
The pigment takes no part in the process, and with a 
small residual portion of the protoplasm of the parasite 
is pushed into a mass, usually towards the centre of the 
group of spores. When the corpuscle bursts and the 
spores are liberated, the pigment is devoured by leuco- 
cytes, usually the large mononuclear leucocytesj and 
thus the ''pigmented leucocytes" are formed* 

The chromatin in the parasites destined to become 
gametocyUs undergoes different changes. The first stage 
is the same as in the young parasite, which will ultimately 
di\ade asexuaUy into spores — the sporocyte. The chro- 
matin in the young or " ring " form of the gametocyte, 
as of the sporocyte, is arranged in a solid block. This 
chromatin subsequently divides into separate granules, 
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but does not become suffused throughout the prDtoplasm 
as it does in the sporocyte. In the full-grown game- 
tocyte the chromatin, composed of numerous particles 
packed together, forms one mass in the interior of the 
parasite, surrounded by a 2one free from pigment and 
staining feebly. The changes in the arrangement of 
the chromatin after the blood is shed and the gameto- 
cytes become sexually active will be considered with the 
sexual or mosquito phase of the existence of the malaria 
parasite. 

All the human malaria parasites, the similar parasites 
in other mammalia and birds, as far as is known, conform 
to this general type, though some digest the haemoglobin 
completely without forming pigment. ■ 

The distinctive points on which the division of the 
human parasites into distinct species is made are ; 
follows ;— 

(i) Duration of the asexual cycle. 

{2) Number of spores formed at each sporulation. 

(3) Acti\ity of movement. 

(4) Preferential sites for sporulation. 

(5) Differences in digestive processes in different para-^ 
sites as indicated by the differences in pigment. 

(6) Effect of the parasite on the corpuscle which 
contains it. ■ 

(7) Shape and appearance of the gametocyte. fl 
The methods of examination described are ample for 

determining these points. 

(i) The length of cycle can be readily ascertained in 
the case of parasites which sporulate in the peripheral 
blood. This blood is examined at intervals, so as to 
determine the length of time between the sporulation 
of a group of the parasites and the steady growth of 
this group up to the next period of sporulation* In 
benign tertian and quartan this is readily done, and it 
wiU be found that the period or length of cycle is 
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approximately forty-eight and seventy-two hours respec- 
tively. It is difficult to determine in mahgnant tertian 
Rstivo-autiimnal or sub-tertian) malaria, as only the 
young sporocytes and mature gametocytes are common 
'^ tlie peripheral blood. The period for this species is 
^'^rtainly variable, and the parasites are commonly in 
^^v-^ral stages of growth, so that periodicity is not so 
J Cte^rly defined as in the other species of parasites of 
■"^tiian malaria, 

C :2) The number of spores can be counted in the fresh 

^^ stained blood when the parasites are fully mature, 

^ stained for chromatin, the number of spores can be 

'^"tinted earlier. It will be found that in benign tertian 

*^« spores are usually about 20, but may be as low as 

3 or as high as 25, or even more. In benign quartan 

'^^^ is a maximum rarely exceeded, whilst 8, 9, or 10 are 

^\ie common numbers. The number in sub-tertian is 

^f^iore variable — 4 to 30. 

(3) The activUy of the amoeboid movement can only 
be determined with certainty in the living blood. In- 
ternal movement in the parasite itself is also shown in 
the fresh fluid blood by movement of the pigment in 
the parasite. 

Amceboid movements can be inferred in stained speci- 
mens, as the parasites present great varieties in shape, 
and frequently where amoeboid movements have been 
active, in the stained specimens the pseudopodia can 
still be seen. 

(4) The selective site for sporulation is of great impor- 
tance j as one species, the malignant tertian (sub- tertian) 
sporulates almost exclusively in the internal organs, and 
the occasional malignant clinical course of the disease 
caused by this parasite is due to the selection of the 
brain as a site for sporulation. 

The absence of full-grown forms and the determination 
of the absence of sporulating forms indicates that the 
6 
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parasites are sporulating elsewhere, i.e., in the internal 
organs. Post-mortem examination of fatal cases shows 
in which organs the sporulating parasites are, but the 
symptoms often give a clue- 
Benign tertian parasites sporulate to a considerable 
extent in the circulating blood, though the splenic sinuses 
are their preferential resort at this period. Quartan 
sporulates freely in the circulating blood, whilst sub- 
tertian (malignant tertian) is hardly ever found sporu- 
lating except in the visceral capUlaries. 

All the phases of benign tertian and quartan can bt 
observed in the blood obtained by pricking the finger or 
ear, and therefore the determination of tlie length of the 
cycle with these parasites is easy. With malignant tertian, 
on the other hand, the stage of sporulation, and even 
the full-grown sporocytes, are rarely to be obser\^ed in 
the peripheral blood, and though the full-grown gametes 
are common in the blood, and we have no reason for 
supposing that the youngest forms are absent, the inter- 
mediate stages of growth cannot be found. Puncture 
of the spleen in the hving subject may show these forms. 
If undertaken aseptically the operation is considered 
to be practically free from risk to the patient ; but as 
accidents have occurred this method should not be em- 
ployed except in cases where certainty of diagnosis is 
absolutely necessary. 

In fatal cases with cerebral symptomsj the sporu- 
lating and full-grown forms can be observed in enormous 
numbers in the brain and often in other organs^ — lungs, 
suprarenals, Uver, &c. In other fatal cases they may 
be found in greatest numbers in the intestinal mucosa, 
pancreas, kichieys, &c. 

The organ in which the parasites are most commonly 
found, post-morlem, is the brain, and cerebral symptoms 
are common in so many cases that recover that it seems 
probable that this is a favourite site. It must be remem- 
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Wed, however, that as the blocking of the cerebral 
capiDaries is the most common cause of death in acute 
malaria, that the proportion of fatal cases with this com- 
plication gives an exaggerated idea of the frequency 
\rith which this site is selected by the parasites. 

For diagnostic purposes it suffices to take a small 

portion of the fresh brain substance and squash it between 

the slide and cover-glass. The capillaries in a case of 

^^rebral malaria will then be seen to be filled -with grains 

^^ black pigment. Though the parasites themselves 

^^tinot be seen, these grains of pigment are diagnostic, 

^^ they are contained in the full-grown or sporulating 

P^^rasite, 

It is not absolutely necessary to open the skull, though 
^t is better to do so. The needle of a large exploring 
^Jninge can be forced through the orbital plate of the 
^Tontal bone and the brain stirred up a little, suction 
\rith the sjnringe will then usually bring away sufficient 
lirain matter for examination. As the puncture is made 
through the conjunctiva no disfigurement results, and 
the site of puncture will be covered by the eyehd. 

The vessels on the pia mater, particularly at the base 
of the brainj are frequently pigmented. This pigmenta- 
tion must not be confused with malarial pigmenta- 
tion- The pigment is not contained, as it is in malaria^ 
in the capillaries, but in their walls, and is insoluble in 
alkalies which readily dissolve melanin. The finely granu- 
lar arrangement of this natural pigmentation differs from 
the coarser arrangement of the melanin particles^ and 
the colour is brown not black. This pigmentation, 
non-malarial, occurs in all races, but is commoner in the 
coloured races. It is found in new- or still-bom children 
whose organs are free from malarial pigmentation. 

To demonstrate the arrangement of the pigment 
granxiles of malaria in a hardened brain, thick sections 
should be cut. These can be quite easily cut by hand. 
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and without any staining passed through absolute 
alcohol and then oil of cloves to dissolve the fatty braia 
constituents and render the section transparent. The 
section can then be mounted in balsam, and in a ma- 
larial case every capillary will then be seen to be mapped 
out by the contained pigment granules almost as if it 
had been injected. 

These methods, though useful for rapid diagnosis, do 
not show the parasite. With the fresh brain specimens, 
whether a squashed fragment or a fragment drawn out 
with the exploring syringe be examinedj parasites will 
often be seen in corpuscles which have escaped from the 
capillaries. 

To show the parasites w^ell it is necessary to stain 
them. With the fresh brain it is not necessary to cut 
sections nor is it advisable. A smear should be made 
of the brain substance, and this should be caused to dry 
rapidly by waving it in the air— not by the application 
of heat. The smear need not be very thin, as the greater 
part of the brain matter is subsequently dissolved. The 
smear can be stained by Leishman's method, but must 
then be thoroughly dried to dehydrate, and mounted 
in xylol balsam. This method shows the chromatin in 
the parasites, but the drying causes much distortion of 
the surrounding tissues. 

If this method be not adopted, haematoxylin gives 
good and permanent results, and carbol tliionin also gives 
very good results. The procedure is as follows : Fix 
the smear in alcohol for ten minutes and allow to dry. 

To stain with hsematoxylin, cover the smear wnth a 
h^matein solution and leave for ten minutes. Flush 
oft stain and place the slide in water for five minutes. 
Dehydrate with spirit and oO of cloves. Mount in 
xylol balsam. 

With carbon thionin the procedure is rather more 
complicated and requires more care. It is, however. 
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a general methods sind is a suitable one also for the 
demonstration of micro-organisms in tissues. 

Fix the smear in absolute alcohol as before, and cover 
^* with the strong carbol thionin solution. Leave for 
*sn to fifteen minutes. It is essential that at this stage 
^^^ specimen should be very much over-stained, as 
^uch stain is lost in the subsequent processes. Flush 
^^ the stain with water. Pass througli methylated 
spirits, not absolute alcohol. Much stain will come 
^^ay, and care must be exercised that the specimen 
^f still over-stained when removed from the spirit. The 
^^e the specimen is left in the spirit is determined 
^"^^tirely by the colour. It cannot be completely dehy- 
^^ated at this stage, or too much colour would be 
^^tnoved. Drain off and gently blot off excess of spirit, 
^^ver with oil of cloves and place under the micro- 
^ope. The oil of cloves will dissolve out the brain 
*^tty matter, complete the dehydration, and slowly 
Remove the excess of stain. When it is observed that 
Heady enough stain is removed, a cover-glass can be 
placed over the specimen and an examination made 
with an oO immersion lens. If the specimen is well 
stained the cover-glass can be removed, and the speci- 
men placed in xylol to remove the oil of cloves, which 
would otherwise ultimately decolourise the specimen. 
Finally it is mounted in xylol Canada balsam. 

Specimens of brain hardened in absolute alcohol can 
be used. Thin sections are required, imbedded in 
paraffin for choice. The processes are the same as for 
brain smears after the paraffin has been removed from 
the specimen by xylol, the xylol by alcohol, and the 
alcohol by water ; but the section must not be allowed 
to dry at any stage. 

The parasites in sections show well, but are smaller, 
only about half the size of those in the smears made 
from the fresh brain, as the fixative agent causes much 
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shrinking of the parasites (Plate II,, 3a, 4a). As this 
parasite is the smallest of the human malaria parasites, 
and when full-grown often Uttle more than half the 
diameter of the red blood corpuscles, there is in these 
shrunken specimens considerable difficulty in seeing the 
spores into which the parasites are broken up with the 
one-twelfth oil immersion. 

In these specimens the corpuscle containing the para- 
site is not lying singly or flat, as it is in the blood film, 
but is one of the many corpuscles packed into the capil- 
lary, so that }t is exceptional for the outline of the cor- 
puscle containing the parasite to be made out. 

In the large vessels parasites are not so common. In 
the small vessels the corpuscles containing the parasites 
are often found only in contact with the wall of the 
vessel, and no parasites are contained in the corpuscles 
towards the centre of the vessel. The largest number 
of the parasites are in the corpuscles in the capillaries. 

This occurrence in the minute capillaries results in 
a blood stasis more or less complete. Such a stasis 
involving a large part of the brain, results in headache, 
drowsiness, and coma m adults, rarely dehrium, and 
in convulsions and coma in young children^ and is the 
most common cause of death in acute malaria. The 
process is often spoken of as thrombosis. This is in- 
correct ; there is no coagulum formed, no fibrin, and 
the leucocytes are not aggregated in the capillaries 
and take no part in the process. ClinicaUy, w^here 
active treatment is adopted we have abundant evi- 
dence that the condition is a transient one. Speedy 
and complete recovery from the condition of complete 
coma frequently takes place under energetic treatment 
with quinine. 

The parasites themselves are usually at different 
stages. Quite young parasites, hardly larger than the 
sporesj may be found. More commonly the great 
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Majority of the parasites contain centralised pigment 
^^d have lost their vesicular nucleus. In some speci- 
^^ns a large proportion, in others a small proportion, 
^il be found sporulating. 
The number of spores varies greatly, and in some 
I^P^cimens only seven or eight spores will be found to 
'^li parasite. In other cases the number will be twenty 
more, 
_ This variation in the number of spores is one of the 
"-^^tinctions on which reliance has been placed for the 
'^^^Idivision of tliis species into three. 

In most parts of the body a temporary partial stasis 
t the blood in the capillaries leads to no sudden fatal 
lianges or symptoms, and consequently^ unless the 
^rain is also involved, a fatal result is not common, 
Ihere are^ however, peculiar risks attending another 
iregion^the intestines. Stasis occurring in the capil- 
laries of the mucosa impairs the vitality of the cells 
and renders them Uable to be invaded by some of the 
bacterial contents of the alimentary tract. Secondary 
inflammation and superficial necrosis may thus result, 
and so indirectly by lowering the nutrition of the mucosa 
a fatal enteritis may be set up. There is some reason 
for believing that sufficient attention has not been paid 
to the indirect results of repeated blood stasis in the 
various \ascera consequent on malarial infection. 

The parasites in these and other situations are best 
demonstrated in sections stained with hsematoxylin, 
or carbol thionin, as already described for the brain, 
Carbol thionin has the additional advantage of staining 
the micro-organisms wliich have invaded the mucosa. 
These, however^ can be shov^Ti in separate specimens 
somewhat better, particularly those micro-organisms 
which retain their stain wiien treated by Gram's method, 
(5) Melanin, malarial pigment ^ or simply '' pigment," 
is the residue from the digestion of hemoglobin, and 
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contains the excess of iron over the minute amount 
required by the parasite. 

In the different species it is deposited in differeat 
forms- In the quartan it is deposited as granules^ 
which are coarse and black, and in the benign tertiainm 
the colour varies from a yellow-brown to a dark brov^ii ^ 
but is always in fine granules ; in the sub-tertian th^ 
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Fig. 27. 

a — /, Phases in tJie sscxua) development of the quartan paiasite \ 
X — ^, phases in the sexual development. 

pigment is not commonly seen in the early forms present 
in the peripheral blood. When it is found it is in fine, 
black granules, which aggregate into a mass earher 
than in the other forms of parasites.* 



* The haemosporidia of cattle, horses and dogs do not form 
pigment. 



STUDIES IN LABORATORY WORK 



89 



(6) The parasite affects the corpuscle containmg it 
iQ different ways. 

In the quartan fever, although the parasite is in the 
^teiior of the corpuscle, the bulk, or at any rate the 
^ameter of a corpuscle containing the parasite, is, in 
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Fig, 3S. f- 

a—/, Phases in the aseicual development of the benign tertian para- 
site ; X — ?, phases in the sexual developraenU 

thelmajority of instances, sUghtly below the average. 
The colour of the red corpuscle is not lighter and is 
frequently a trifle darker than the average of the red 
corpuscles. 

In benign tertian there is a great difference, as the 
diameter of the corpuscle is decidedly above the average 
and the corpuscle is pale. This is well seen both in 
stained and unstained specimens. The corpuscle is 
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easily distorted, and is consequently frequently com- 
pressed by neighbouring blood cells when these are in 
contact with it. Leishman's and some of the other 
similar stains reveal still further changes, as granules 
staining deeply red are found throughout the corpusde 
in parts not invaded by the parasites. These granules 
are small and not very distinct when the parasite is 
very young, but with the growth of the parasite become 
more numerous and more distinct (Plate IV,, 7, 8, 9, 
and Plate III., 21), They are not found with the other 
human malaria parasites, nor with the h^mamoebidse of 
mammals and birds, but are found in corpuscles infected 
by one species of drepanidium in the frog. 

To show them well, the mixed water and stain in 
Leishman's method must be left on double the normal 
time, and fifteen minutes is not too long with most 
specimens of the stain. 

These granules are known as Schiiffner's granules, and 
must not be confused with the basophilic granules, 
which stain blue by the same method, found in some 
instances abundantly in malarial blood, as well as in 
other diseases. 

The effect of the mahgnant tertian parasite on the 
corpuscle is variable. The young forms met with in 
peripheral blood do not appreciably affect it, but occa- 
sionally the corpuscle is changed in colour to a yellowish 
or brassy tinge. With the more advanced stages of the 
parasite the corpuscle, without increasing in size, becomes 
more or less decolourised. In the full-grown parasite, 
whether sporocyte or gametocyte, the remnant of the 
red corpuscle is a mere colourless shadow, which is not 
always easy to define {Plate II. , 1 to 8). 

(7) The shape of the gametocyte in benign tertian 
and quartan is that of a rounded body difficult to dis- 
tinguish from the full-grown sporocyte before sporulation 
has taken place* In malignant tertian the gametocyte 
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is the so-called " crescent." It is better described as 
sausage-shaped. It is not truly crescent-shaped, as, 
often sUghtly curved, the two ends are broad 
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FiG^ 29. 

e. Phases in the asexual development of the malignant malarial 
parasite ; x' — ^, phases in the sexual development. 



and rounded, not tapering to sharp points as a true 
crescent. These bodies always contain pigment, and 
this pigment is never in a sohd block, but is always 
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composed of discrete particles grouped in a cluster near 
the centre of the parasite. 

These gamete forms are best observed in fresh fluid 
blood films, and it is only in such films that the subs 
quent changes can be followed. 

As it is not easy to distinguish the gamete of tertian 
and quartan malaria from the sporocyte, the subsequent 
changes are most readily observed in the case of mahg- 
nant or sub-tertian malaria, as the peculiar " crescent " 
shape renders the identification of the gamete easy in 
this class of malaria. fl 

These changes only take place when alterations in^ 
the blood occur, such as abstraction or addition of water* 
The crescents lose their peculiar shape and become first 
oval and then spherical. Small portions, one or two, 
are extruded, the polar bodies, and remain usually 
adherent to the outer surface of the altered crescent. ^| 

Of these altered crescents, a proportion which varie^^ 
in different specimens throw out long, filamentous 
flageUa, varying in number from two or three to sb^H 
These flagella are actively motile and lash about in 
the blood plasma or over neighbouring red corpuscles 
for some time. Finally they break away and can be 
seen moving rapidly through the plasma. ^H 

The crescents which undergo this change and flagel^^" 
late are the males, and the flageUa are equivalent to 
spermatozoa- The residue of the crescent is a small 
protoplasmic mass containing all the pigment. It soon 
dies and is either broken up or devoured by a leucocyte. 

The other altered crescents do not flagellate. After 
the extrusion of the polar bodies they retain their spheri- 
cal shape, but the pigment in the interior is often in a 
state of violent agitation* fl 

Very rarely a flagellum that has broken oflf the male 
crescent is seen to enter this rounded body, and is ab- 
sorbed by it. These mature crescents wliich do not 
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flagellate are the females, and the entrance of the flagellum 
fertilises this female gamete. After fertilisation further 
changes take place, the pigment becomes violently 
agitated and the whole body changes shape^ one end 
becomes conical, and the body becomes actively motile, 
^onng steadily through the blood serum. 

This fertilised female is known as the " travelling 
^"erixdcule/' and passes into the outer waU of the mos- 
quito's stomach, where it becomes encysted and forms 
the zygote. 

The male and female crescents can often be distin- 
guished in the freshly-shed blood by the arrangement 
^^ the pigment. In the female there is usually a clear 
^P^ce in the middle surrounded by pigment, whilst in 
. ^^ male no such clear space is present and the pigment 
^ less in a ring and more in a clump than in the female. 
The young forms of crescents are sometimes found in 
*^^ brain, spleen and elsewhere; they can be distin- 
Sxiished by their shape and the tendency of the pigment 
^^ be arranged in a central, irregular clump, and not 
^^ one mass. 

The same series of changes occur in the gametes of 
^nign tertian and quartan malaria after the blood 
is shed- 

The gametes stain rather feebly with basic stains. 
The outlines of the red corpuscles which contain them 
can usually be made out, though, as aU the haemoglobin 
is absorbed, the remnant does not stain, or only faintly, 
with eosine. 

The gametes contain chromatin in considerable quan* 
tity, but this chromatin, though it stains with the red 
of the polychrome methylene blue, does not stain with 
haematoxylin or most basic stains. 

Stained by Leishman's method, the gametes of benign 
tertian and quartan are easily recognised, as the chro- 
matin granules are collected in a clump surrounded by 
an unstained area free from pigment (Plate IV., 6). 
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In the crescents the chromatin in the female is collected 
into a solid block in the centre, and round this the pig- 
ment is arranged. In the male there is no central block 
of chromatin, but numerous scattered particles mixed 
up with the pigment. In the males the chromatin 
may be very abundant (Plate IV., i8, 19). 

To make permanent preparations showing the changes 
that occur in shed bloody it is necessary to prevent the 
blood from drying and examine at intervals of a few 
minutes. For this purpose the slides with the fluid 
film on them must be kept in a moist chamber. This 
is easily done by cutting windows in a folded piece of 
blotting paper and placing this blotting paper on a 
slab. The blotting paper should be moistened, and 
the windows each covered with a slide on which is the 
wet film face downwards. The evaporation from the 
damp blotting paper will render the air so moist that 
evaporation from the ^m wiU be very slow. 

One of these slides can be taken off and allowed to 
dry every five minutes, and in this way we have a 
series of blood films five, ten, fifteen, twenty minutes, 
or more, after the blood has been shed. 

To obtain stained specimens of flagellating bodies thick 
films can be used, and when allowed to dry the hgemo- 
globin may be removed by placing the slide in water. 
After this the film is again allowed to dry, fixed in 
alcohol, and stained with a strong basic stain, such as 
earbol fuchsin. 

To observe the changes that occur in the arrange- 
ment of the chromatin these decolourised films cannot 
be used, but the specimen with a moderately thick film 
must, after drying, be stained by Leishman's method. 
In both male and female a portion of the chromatin 
will be seen to be extruded in the polar body. The 
remainder increases in amount, and most of it in the 
male will be seen hi the form of nodules at the periphery 
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of the altered crescent. Finger-like processes of the 
protoplasm will be seen to project from the vicinity 
of these masses, at first without any chromatin, and 
these processes elongate and form long, slender flagella 
without chromatin. Ultimately, however, the chro- 
matin enters the flagella as a long, thin filament, leaving 
a mere residuum in the remnant of the crescent at the 
base of the flagellum. When the flagellum breaks loose 
it has this chromatin filament running nearly its whole 
length. Even when all the flagella have broken away 
there are still remnants of the chromatin in the proto- 
plasmic residual mass left behind. 

In the female the chromatin forms a less compact 
mass after the extrusion of the polar bodies, and it is 
with this mass that the chromatin of the flagellum which 
fertiUses it probably fuses. 

Minor differences in the crescents as regards shape, 
staining, reaction, and colour of the pigment are described 
by those who subdivide the malignant or sub-tertian 
into three species. 

As regards the genesis of the gametes, suggestions 
have been made from time to time that they may be 
formed by the union of two young parasites in one cor- 
puscle. Two, or even three or four parasites are not 
uncommonly found in one red corpuscle. These para- 
sites may be in actual contact with each other, but 
there is no satisfactory evidence that conjugation or 
fusion of two such parasites ever take place. On general 
grounds such a method of forming the male and female 
sexual forms has nothing to support it. 

The difference between the three main species of 
parasites are shown in tabular form on the next page. 

Mistakes can be made with every method of blood 
examination, but most of them after a little experience 
are easily avoided. 

In fresh fluid blood films the following are often mis- 
taken for non-pigmented parasites :— 
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(i) The Honnal lighter colour of the central portion 
of the corpuscle, due to the bi-concave shape of the red 
corpuscle* The gradual shading and the absence of any 
definite edge to the lighter part is usually sufficient to 
prevent this error, and familiarity with this appearance 
in normal blood is of importance, 

(2) Vacuoles or tears in a blood corpuscle are distin- 
guished by the very sharp, abrupt edge of such a vacuole, 
and by the oscillatory motion of the edge. It can be 
generally seen that whilst in a parasite there is a faint 
opalescence, in the vacuole the space is 'perfectly clear 
(fig. 30c). 

{3) Blood plates resting on a blood corpuscle are in 
some cases difficult to distinguish. Round such blood 
plates there is usually a ring where the haEimoglobin has 
been pressed out of the corpuscle, and in some cases by 
focussing we can determine that the body is one which 
is on and not a part of the red corpuscle- 

(4) Small particles resting on a corpuscle will displace 
the haemoglobin beneath them and cause a lighter coloured 
patch in the corpuscle. Such particles, if dark, are often 
mistaken for pigment, and the pale area is taken for the 
parasite, 

(5) Crenationsj particularly when they occur as pro- 
jections on the upper or lower surface of a corpuscle, are 
frequent sources of error. The effect of focussing, or 
alteration of the illumination, will show the true nature 
of these crenations (fig. 30, a and b). 

(6) Bent or twisted '' buckled " corpuscles may cause 
confusion (fig, 30, d and e). 

Many effects are mistaken for pigmented parasites. 
Some of these are due to insufficient illumination, as 
refraction effects with a dim light closely simulate grains 
of pigment. Crenated corpuscles, leucocytes, &c.j are 
thus sometimes taken for pigmented parasites. Full 
illumination will dispel this illusion. Particles of dirt, 
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or epithelial fragments with specks of dirt adhering, 
usually overlap at one edge or other a red corpuscle ain 
which they lie. If they do not, by focussing it can oftein 
be determined that they lie on or beneath the red cor- 
puscle- In most cases such fragments can be distin.- 
guished by their sharp angular outline, the irregularit3* 
in the size of the grains of dirt they contain, and by their 
high refractive index. 



■■^ 




a^ b, Crenated corpuscle 
corpuscles. 



Fig, 30. 

c, vacuolated corpuscle; d, e, buckkt^ 



Flaws, specks of dirt, or grease on slides or cover- 
glasses may cause confusion and be distinguished in the 
same manner. In any case of doubt it is well to touch 
the edge of the cover-glass with a needle whilst observ- 
ing the object, and in that way it will be seen that the 
movement of the object is independent of the corpuscle 
that was supposed to contain it. 

In stained specimens there are similar fallacies, and 
in addition, dirt from the stain , precipitated grains of 
stain, yeast cells, or other micro-organisms, may be 
present. It is well in any case of doubt to examine 
some part of the slide where the stain has extended 
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beyond the blood iilxDj and see if the same appearances 
are presented there* 

In the great majority of cases, if the appearances met 
with in normal blood have been carefully studied, par- 
ticularly the blood plates and the various forms of de- 
feneration of blood cells and of stained precipitates, 
^stakes are rare. Very rarely do we get an appearance 
from stain precipitates deposited on a red corpuscle that 
^ difficiilt to distinguishj and therefore we should avoid 
^^^gnosiog malaria from a single body believed to be a 
Parasite. It is better in case of doubt to look carefully 
^^^ a second parasite, 

Crescents should never be diagnosed on the ground of 
*^^ shape only, A crescent always contains pigment, 
and is longer than the diameter of a red blood cor- 
P^s^e, and stains with basic stains. Three blood plates 
^^^^nged in a row may be about the same size and shape 
^^ ^ crescentj but do not contain pigment or stain like 
^ Crescent. A transformed or altered crescent can be 
Mistaken for a quartan parasite, 

' Groups of blood plates are sometunes taken for sporu- 
^^tiiig bodies, and if they surround, as they may^ a mass 
*^i dirt, the mistake is easily made. Even in fresh fluid 
blood the pecuHar appearance of the edges of blood 
plates should prevent this mistake, and in stained speci- 
mens the manner in which the blood plates stain will 
enable them to be recognised. 

Imperfect fixation is a cause of some errors. In 
specimens fixed by heat, or fixed in alcohol that has 
absorbed water, small round bodies, artificial vacuoles, 
water or air, are often found in the red cells. They may 
be numerous in each corpuscle, or only one or two may 
be present. The sharp edge and high refractility of 
these bodies, as well as the variation in size, distinguishes 
them from parasites. 

Familiarity with the appearances of blood prepared 



CHAPTER V. 

Parasites Found in Blood Plasma. 



Masttgophora, or flagellated unicellular animal organ- 
isms, are represented in the blood plasma by the 
trypanosomata. In freshly-shed blood they are readily 
seen as actively motile, worm-like bodies darting about 
between the blood corpuscles. Their movements are so 
rapid and they are so transparent that it is difficult to 
make out their form clearly in the living condition. 

The largest trypanosomata are found in fish (Plate I., 
26)j both fresh and salt water. They can readily be 
demonstrated in small fish by cutting off their heads 
and making a smear on the slide with the cut surface. 
These smears can be examined fresh by placing a cover- 
glass on the top of the exuded fluid, or the films can 
be dried and stained, 

Trypanosomes are found in some birds. The method 
of examination of the blood for these is the same as that 
required for the hEemosporidia, If a small bird is to be 
examined it is held in the palm of the left hand and one 
leg is allowed to protrude between the fingers. A needle 
is then inserted deeply into the vascular pad surrounding 
the root of the claw and left there for half a minute. On 
squeezing the leg so as to force the blood towards the 
daw the blood will exude in drops, and films can be 
made as with human blood. With larger birds an 
assistant is necessary to hold the bird, and the bird 
should be wrapped in a thick cloth for the protection 
of the assistant. 
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The trypanosomata that have attracted most attention 
are those of the mammalia. Several species are known ; 
they closely resemble each other in their appearance, but 
differ in size and shape to some extent ; also in the posi- 
tions they assume and the way in which they stain 
fPJate L, 26, 27, and Plate IV,, 21, 22), The only 
^ftain method of differentiation is by inoculating with 
*fie blood a series oi animals, and it will then be found 
^'hich animals are immune and which are susceptible. 
Some species are pathogenic and others not. For such 
moculations the blood must be mixed mth some fluid 
that will prevent coagulation. Sodium citrate solution 
^P per cent, may be used, and the blood should be 
*^^uted with one- twelfth of this solution. Others use a 
^^alcer solution of citrate of soda, i per cent., and 
^^^Ute the blood more freely. Injection of such diluted 
^l^od into the subcutaneous tissues will lead to infec- 
:*^n with trypanosomata of the animal which has been 
^^l^cted. 

The more important of the trypanosomata are : — 
(i) Those found in a large proportion of the rats in 
^oth tropical and temperate climates. These are non- 
pathogenic to rats, and all other animals experimented 
On are insusceptible to the infection {T. Lewisi^ Plate 
IV., 21). 

{2) Nagana or '' Tsetse Fly Disease." The tryp- 
anosoma of this disease (T. Brucei) can be inoculated 
into a large number of wild and domesticated animals, 
but man is insusceptible. To cattle, horses, donkeys, 
dogs, rats, &c., this parasite is pathogenic^ but the time 
required to cause death varies greatly in these animals. 
Wild game, and particularly the buffalo, harbour the 
parasite, which appears to be harmless to them {Plate 
I. 27). 

(3) Surra (T. Evansi). A disease fatal to horses ; 
cattle usually recover. It occurs in^India, Phihppines, 
&c. 
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{4) Do URINE {T. Equiperdum). Europe. Rats, dogs, 
rabbits, &c., are susceptible. Cattle, sheep and goats 
are refractory. 

(5) Mal de Caderas. South America, Cattle are 
immune ; most of the other animals are susceptible. 

(6) Trypanosoma Theilerl South Africa* Cattle 
only are susceptible. No other animal has yet been 
inoculated successfully. 

(7) Teypanosoma Hominis v. Gambiense* {Plate IV., 
22); Man is insusceptible to all the above-mentioned 
trypanosomata, but on the West Coast of Africa another 
species has been found in man. In the cases observed 
the parasites have been in small numbers, though 
the symptoms, constant irregular pyrexia, erythematous 
rashj and enlargement of spleen and Hver, have been 
marked. It is stated that white rats and monkeys are 
susceptible. 

For the examination of blood for trypanosomes films 
prepared as for malaria are the best, as the parasite will 
then be seen undistorted. When the parasites are scanty 
and for purely diagnostic purposes, thicker films de- 
colourised by the action of water may be used. In some 
infections the parasites can only be found by injecting 
a highly susceptible animal with the blood of a suspected 
case, as a large infection may then result in the animal 
which has been injected. This proceeding is necessary 
in many cases of dourine. No susceptible animal is yet 
known for the human trypanosome, and therefore for this 
parasite tedious and prolonged microscopic examination 
of blood films are necessary. In centrifugahsed blood 
the parasites accumulate in the upper part of the mass 



♦ Recently a trypanosome has been found by CasteUani in the 
cerebrospinal flnid and blood of cases of sleeping sickness in 
Uganda. This trypanosome, which has received the name of 
Trypanosoma CasteUanii by Kruse^ may possibly represent a 
new species. 
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of red corpuscles and can be found there' more readily 
than by the ordinary method. 

Trjrpanosomes stain rather feebly with most basic 
stains, haematoxylin, methylene blue, &c. A stronger 
basic stain, such as carbol fuchsin, should therefore be 
used. Clearer specimens are obtained by diluting the 




Fig. 32. 

stain with two parts of water and leaving to stain for 
ten minutes. 

Good results can also be obtained by overstaining 
with this stain and then decolourising with i per cent, 
solution of glacial acetic acid in water, but the parasite 
is often swoUen'^and distorted, though quite recognisable. 

Leishman's stain, used as for other blood work, gives 
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excellent results with fresh specimens and shows well 
the various points in the structure that have been deter- 
mined. The body is elongated and the posterior extremity 
is bluntly truncated, whilst the anterior is prolonged into 
a long flageilum, rarely into two. The flagellum is con- 
tinued as a definite cur\^ed rod in the body of the parasite 
nearly to the posterior extremity. SHghtly posterior to 
the termination of the flagellum is a deeply-staining 
nodule — the centrosome. About the middle of the body 
is a rounded mass, larger but less defined — the nucleus. 
In fission forms the centrosome first divides, then succes- 
sively flagellum, nucleus and protoplasm. The proto- 
plasm with Leishman's stain is blue. The centrosome, 
nucleus and flagellum are red. . 

The multiplication is by fission. These fission forms 
are rarely found in the peripheral blood. Occasionally 
there are two flagella with no signs of fission in centro- 
some or nucleus (fig. 32). 

Transmission in the case of nagana is by flies belonging 
to the genus Glossina. 

The transmission is believed to be direct^ the trypano- 
somes being taken from an infected animal, and without 
any further development in the fly enter the next animal 
bitten. No sexual phase has been observ^ed in the 
trypanosomes. Further work is much required on this 
subject. 

The spirillum of relapsing fever — Spirillum Obermeyeri 
(fig. 33}^is most conveniently considered here, though it 
is generally believed to belong to the vegetable micro- 
organisms. They can be seen in fluid blood films made 
as for malarial blood. The organisms are very trans- 
parent and can only be seen with the diaphragm nearly 
closed in fresh fluid preparations. They are then seen 
as finej transparent, thread-like bodies, which are in active 
movement and coil and uncoil themselves. They are 
rarely seen in the corkscrew-like forms which are com- 
monly drawn as representing them. 
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Orie<3 films must be thin. The spirilla stain with all 
^'c stains^ but not intensely, and are best demonstrated 
^y th^ use of the stronger basic stains, such as carbol 
fuchsii^ (Plate IV,, fig. 23), 

^^ c>ld films stained by Leishman's method the spirilla 

staia ^lue and do not show chromatin. With old films 

this i^ j^Qt conclusive. 

Itx^ disease can be reproduced in monkeys. 

^tx^re is leucocytosis and marked relative increase of 

the j3olymorphonuclear leucocytes. This increase per- 

sist^ to some extent in the periods of apyrexia, so that 

a <li^:f^erential count of the leucocytes may exclude malaria. 

^ lie spirillum never shows any signs of division in the 

*^^^d, and in human blood has no tendency to great 

^^^iation in length. It is found in the plasma, never in 

^ blood corpuscles. The spleen enlarges, and in fatal 

„_^^s spirilla are found in large numbers in that organ, 

^^^ organisms are found in greatest number during the 

^^t pyrexial period. In the apyrexial period tbey are 

,,^^1: to be found, and in the subsequent pyrexial attacks 

^^cy are found in much smaller numbers than in the 

?^*"imary attack. In cases where the disease passes on 

^to a chronic condition of irregular pyrexia — secondary 

f ^ver — it is exceptional to find the parasites during that 

T^riod (fig. 33), 

The spirilla found in the mouth and sometimes in 
fftces more closely resemble the recognised bacterial 
spirilla. 

The other animal parasites found in human blood 
belong to the higher orders of animal life. One, the 
Bilharzia [Schistosoma hmnaiohium), frequents the veins 
of the portal system* 

The males are infolded in their entire length, and thus 
form a deep grove or incomplete tube— the gynaecophoric 
canal— in which the thinner female is contained. 

They are flattened, worm-like bodies, and are bisexual. 
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The males are the larger, 12-15 mm, in length ; 
in breadth. At the posterior termination of this cana 
is the sexual opening. There is no penis. The female^ 
is longer than the male, 16-20 mm,, but thinner, 2 mm -J 
in breadth, and therefore protrudes from each end of thg^i 
gjmaecophoric canal. The sexual orifice is clostJ to the 



Fig, 3 j,— Spirilla, 

ventral sucker. There are two suckers on the front of 
the body, an oral and ventral, and the intestinal canal, 
which frequently contains blood, begins and terminates 
at these orifices respectively* The eggs^ which are pro- 
vided with a sharp spine, do not pass with the blood 
stream but towards the pelvis, where they become extra- 



STUDIES IN LABORATORY WORK 



109 



^'ascular and pass through the mucosa of bladder or 
r^ctufQ^ or in some cases higher up in the intestine 'or 
^rinaiy tract, into the urine or fseces. 

T'heir further development will be considered with 
^^«>se excretions. 

Nematodes. — One species of filaria in the adult form 
'l^s been once found in the circulatory system of man 
, by JVlagalhaes in Brazil^ but no further observations have 

■ oeert made. The worms were found in a blood clot in 

■ ^^e left side of the heart. 

■ In the lower animals nematode worms are not on- 
f ^<=>rr\inon in the blood. 

^^ilaria immitis is found in the right side of the heart 

- ^<i pulmonary vessels of the dog, and in the East and 

5^ ^ome of the Pacific Islands it is exceptional to find a 

I ^^^ free from these parasites. When the worms are in 

^^s numbers cardiac dilatation and death results. 

T'he various nematode worms in horses and other 
^^imals cause verminous aneurisms. 

Filaria sanguinis hominis. Of the human filaria the 
^t3ults are found in several tissues in the body, whilst 
"^tie embryos may be discharged through an aperture' in 
t>ie skin, as in guinea- worms j and probably in Filaria 
^olvulusy a worm found in a subcutaneous cyst in a patient 
in Sierra Leone. In the ones we are at present more 
Specially interested in they find their way into the blood 
and circulate with that fluid. 

The filarial embryos as seen in fresh blood are clear, 
transparent, worm-hke bodies, which are in active move- 
ment. They are most readily found in a fresh fluid 
blood film, as the active movements and the disturbance 
in the red corpuscles set up by their movement catch 
the eye. An inch or two-thirds inch objective is^quite 
sufficient magnification for the detection of the common- 
est filariae, but it is better to use a half-inch, as the 
smaller species may be overlooked with the two-thirds 
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objective. The film must not be so thin as that used 
for examination for malarial parasites. No special pre* 
cautions are required, and sufficient blood should be 
taken to completely fill the space between the slide and 
cover-glass. As the slide must be kept for a sufficient 
period to enable the movements of the worm to cease, 
the cover-glass should be ringed with vaseline to prevent 
evaporation of the blood. 

To examine the embryos in detail higho" powers, in- 
cluding an one-twelfth oil immersion, are required. At 
first the movements of the filaria are so active that it 
is impossible to examine it with these objectives, but 
after some hours the movements become much more 
sluggish, and finally cease. The best time for examina- 
tion is just before the cessation of movement and the 
death of the embryo. The points to observe in the 
examination of the fresh embryos are i — 

(i) The character of the movement and whether 
active locomotion takes place or whether the move- 
ment, however active, leads to no progression. 

(2) The size of the embryo. This is of the 
greatest importance, as measurements of dried 
specimens vary greatly with the rapidity with 
which the film has dried, 

{3) The shape of the embryo and that of the two 
ends. 

{4) The presence or absence of a loose sheath. 

(3) Any details of structure, and particularly the 
presence, position and character of any contractile 
vesicles, the so-called V spots, and the cephalic move- 
ments and any appearance of armature require close 
examination. 

Embryos can also be observed readily in dried fihns. 

The blood films for diagnostic purposes should be as 
thick as possible. A convenient way of making them is 
to allow three or four large drops of blood to fall on a 
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slide dose together and smear them together into a square 
about two-thirds of an inch in diameter (fig. 34). Allow 
to dry, protecting the films from insects during the 
process. Such a film will be so thick as to be almost 
opaque. It must not be fixed. When quite dry place 
in distilled wa ter and leave in the water till the haemo- 
globin is all diSolved out. It is best to have the film 
side downwards in the water but not resting on the 
bottom of the vessel. As the haemoglobin dissolves out 
it will fall to the bottom of the vessel. It will be found 






Fig. 34. 

better after a few minutes to transfer the slide to clean 
water, so that it is easy to observe when the haemoglobin 
is all removed. 

Remove the slide from the water and examine at once 
whilst still wet. The white corpuscles will stand out 
from the film as refractile spots and the white colourless 
worms wiU also stand out brilliantly. 

If it is preferred to stain the specimen, any basic stain 
gives good results. Weak carbol fuchsin is perhaps the 
best of the aniline stains. HaematoxyUn gives good and 
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permanent results, but the sheathed filarise do not stain 
rapidly. If the haematein mixture is used, fifteen or 
twenty minutes will be required and the slide should 
then be left in water for ten minutes. 

A good many sHdes can be stained together. For tlus 
the staining vessel (6g. 35) is convenient. 

Counter-staining brings out nothing moref but eosine 
may be used for this purpose. 

The shape of the worm is well shown in a specimen 
stained with hematoxylin, and also the sheath if present. 
The body of the worm is found to contam a core of deeply- 
staining points or nuclei. These do not extend to either 
extremity, nor do they completely fill the worm, as a 



Fig, 3S, 

clear, unstained portion is left on each side. This un* 
stained portion must not be mistaken for the sheath. 
The sheath wHl be faintly stained and only clearly 
seen at the two ends, where it will be found flattened 
on itself and often folded sharply Hke a piece of ribbon. 

In the nuclear core complete or incomplete gaps in the 
mass of nuclei will be seen in most filarise. For each 
species the position of these gaps is constant, or nearly 
so, and consequently the exact position of these gaps is 
important for the differentiation and identification of 
species from the examination of these embryos (Plate 
IL, 17, 18, 19). 
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Embryos of some species of filaria are not found in 
the same number all through the twenty-four hours. 
During a part of this period they may be found in numbers, 
whilst a few hours later they are found witli difficulty or 
iiot at aU, Thus one species has a periodicity which is 
caJJed mdurnal, because the embryos are found in largest 
^timbers ii^ the peripheral blood at night ; in other 
Species embryos are only found in the day time, and are 
^d to have a diurnal periodicity. Embryos of other 
Species are found in fairly equal numbers at all times of 
fhe day and night. 

In any investigation of the periodicity of filarial em- 
'^O^os it is essential that the blood examined should be 
'^^asured. 

Xlie periodicity can be altered in the case of Filaria 
^^^turna by changing the habits of the host^ and cases 
^^^ fairly common in which the periodicity is reversed 
^^"thoEt known cause. It is stiU more common to iind 
^'^all numbers of Filaria nocturna during the day and 
^^T-ger numbers at night. 

The chief points of difference in the various embryo 
^'^l^ae are indicated in the subjoined table. 

These points require no detailed explanation. It is 
^VeU to draw the embryos accurately with a drawing 
Camera or camera lucida. 

By substituting a scale for the object a scale can also 
be drawn on the same paper and measurements made 
from this, which are easier and usually more accurate 
than measurements made with a micrometer eye-piece. 

Periodicity refers to the appearance of embryos in the 
peripheral blood. 

With regard to this periodicity, it was not definitely 
known what became of the embryos during the time they 
were absent from the peripheral blood, Posi-moHem 
examinations, however, have shown that in the case of 
persons harbouring this filaria who die during the day, 
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H / the embryos are found in greatest numbers in the lung: ^ 
H 1 and large vessels, though some may be found in the vesseL ^j 
H in other viscera. - " 


L it 


! 


II 

mm. 
•007S 

■CO? 


^ 


1 
1 


I 


I 


^1 

5C 


i 


^^^^ Fil&tt'a nocitinta 


mm. 
■317 


Present 


— 


Sharply 
pLiriied 


Noclumal 

in 

peiLpheral 

blood 


mm. 
■052 


A 


^^^^ Fiiarmdmrn^ 


3^7! 


Presei^t 


- 


Sharply 
pointed 


Diurnal 

in 

peripheral 

blood 


— 


1 


^H Fiiaria p£rsi€ms 


M95 


■0045 


Absent 


— 


Blunt, 
truncal ed 


None 


■03 


,J 


^M Fiiaria Demaf' 
^H quaii 


■2E 


'PCS 


Ab^eQt 


— 


Sharply 
pointed 


None 


^03 


F.DimJI^ 


^1 Ffimia O&mrdt 


21 


*oos 


Absent 


— 


Sharply 
ptjlnted 


None 


^03 


F. Otzir 


H New Fikria 
■ F^gi^as (Prout) 


Deddr-dty 

longer anti 

thkker than any 

of ihe aboi-B 


Absent 




Btunt 


? 


— 


1 


^^^^ Sections of the organs of such a person show the filari^ 
^^^^H in great numbers. The material may be imbedded in 
^^^^H either celloidin or paraffin and should not be too thin, as, 
^^^^H unless rather thick, such short lengths of tlie filaria are 
^^^^H cut that they are not easy to recognise, 
^^^^H Hsematoxylin solution, two minutes, is quite sufficient 
^^^^1 to stain the embryos, and there is no need to counter- 
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embryos will be found. In places longer lengths, or even 
complete embryos> which were l>ang in the plane of the 
section, may be seen. 

As far as is known, no further change takes place in 
the human filarial embryos in the blood or human tissues, 
but there is evidence that some degree of growth whilst 
circulating in the blood does take place in some of the 
aWan filaaice. 

Of the human filaria, the next stage of growth occurs 
in several species of mosquitoes of different genera.— Culex, 
Anophcks, Panopliies, S-c. ~'dnd w^hen a certain stage of 
maturity is reached the embryos are injected by the 
mosquito into man. At this stage the embryos are 
i'5 mm. in length, and the differentiation of sexes is 
not complete* 

The further development in man has not been traced, 
but the adult forms of the species, Filaria nocturna 
(Pilaria Bancrofii), have been found by many observ^ers 
always in, or in connection with, the lymphatic system. 
The other human adult filaria, Filaria persians, Filaria 
^^marquaii^ Filaria Ozzardi and Filaria loa (probably 
tie adult form of Filaria diurna), are found in con- 
nective tissue, either subcutaneous or in the subperitoneal 
tissues. 

The adult human filaria: are not very readily found. 
Pilaris Bancrofli are found in lymphatics in almost any 
part of the body, but as a rule, in the cases of elephantiasis, 
the adults are long dead and only the positions they once 
occupied indicated by lymphatic obstruction. 

Filaria Persians, though smaller, are more readily 
found, as they occur at any rate in greatest numbers in 
subperitoneal connective tissue, particidarly at tlie base 
of the mesentery. 

Filaria Demarquaii has been found by Dr, Galgey in 
the same position, and Filaria Ozzardi has been once 
found in the subserous connective tissue of the anterior 
abdominal wall. 
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Filaria immitis, the " worm in the heart " of dogs, 
found in the cavity of the right side of the heart and ilrmA 
pulmonary vessels. When only one or two womis a 
present they are usually in the smaller pulmonary arterie:^^ 

Avian filarise occur in many positions. Some speci 
are found in loose connective tissues, as in the neck, othex"s 
in the limbs, and particularly in thickenings about the 
claws ; others in the submucous tissues, as in the crop ; 
and others in the blood-vessels^ and even in the pouches 
formed by the semi-lunar valves. Adult filariae are easily 
mistaken for empty blood-vessels, small nerves and shreds 
of fibrous tissue. They are more readily recognised with 
slight magnification, and for this purpose, as weU as for 
dissections of insects, &c., a watchmaker's glass oC about 
5" focal length is very useful. The horn ones are best, 
and should be perforated at the sides, as otherwise 
moisture condenses on the lens. The advantage of these 
glasses is that both hands are free, and it is easy to learn 
the use of this simple lens. 

In searching tissues for filaria a dark surface, such as 
a slab of slate, makes a good background, and the rough 
surface of the slate prevents the specimen slipping aljout. 
The tissue should be kept wet with normal saline solu- 
tion, as this keeps it transparent. 

The dissection should not be made with the tissues 
floating in water or salt solution, as strands of tissue are 
much more readily twisted or ravelled out if floating. 
The tissues must be kept wet. 

Some authors construct a formula for the description 
of filariae based on the relative positions of various struc- 
tures and the measurement of the worm at these places. 
The unit of measurement is the one-hundredth part of 
the length of the worm, so that the measurements are 
percentages of the length. Five measurements are taken 
by the author — ^Cobb— commencing from the head : the 
base of the oesophagus, the nerv^e ring, the cardiac con- 
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striction, the fourth at the vulva m the female and the 
middle of the male, and the fifth at the arms (fig* 36). 

Many of these points are very difficult to make out in 
the human filaricT. The first of them in hfe is very 
variable in the same individual. As the head and neck 
are capable of considerable contraction^ the head cannot 
be taken as a fixed point to serv^c as the basis of a series 
of measurements. The whole formula also is based on 
the assumption that the proportions of various parts of 
the body are constant in different individuals, which, 
according to Shipley; is not certain. 



-^2 



Fig. 3^' 



Though I do not consider that this graphic method is 
applicable in many cases, stiU, where possible, it may be 
given. 

The human filari^ resemble each other rather closely 
in their adult forms, and some of them require very 
careful examination for differentiation. Measurements 
of the head and tail, making due allowance for the con- 
tractility of the wormsj are of great importance. Par- 
ticular attention must be paid to the transparent cuticle, 
as there are important differences in its arrangement in 
different species, and these differences are constant for 
the individuals of each species. 

The measurements should be made, where possible, on 
the fresh worms, as serious shrinking and distortion occurs 
with most reagents. Alcohol and spirit cause great 
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Fig. 37. 
Head of Filaria Bancrofti, ? . 



Fig. 38. 
Head of Filaria Ozzardii, ? . 
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distortion* This can be diminished by placing the speci- 
men first in dilute spirit, i to 3 of watet, for a few hours, 
and then gradually increasing the strength, but however 
carefully this is done the distortion is great. Much less 
distortion is caused by spirit If the specimen is first 
hardened in formalin 2 per cent. 



Fig, 39. 
Tail of Filarm Banarofii, ? » 



FlGi 4O1 

Tail of Filarm Oi^iariit ? = 



Glycerine at first causes swelling, though when left 
long in the glycerine there is a return to a more natural 
condition. The specimens so prepared are much softened 
and can very readily be flattened out, and whilst thus 
gently compressed between two slides, be hardened in 
methylated spirit and finally in alcohol, and mounted 
after clearing in oil of cloves. Such specimens are very 
transparent and do not show much detail ; if, however, 
they are slowly stained with very dilute solutions of 
stainSj such as dilute borax carmine, before placing in 
glycerine, many details of stnicture are brought out well. 
They can also be stained with well-diluted hematoxylin 









If. Banctvfti 


K /*f«ia«j 






Female 


Mak 


Female 


Us\^ 




^H Length 


So^po mm. 


44 mtn. 


70 80 mm* 


45 mm. 


« 


^M Greatest breadth .,. | 


■33 „ 


'I „ 


'»2 „ 


■06,, 


1 


^H Diameter of head ... 


■055 » 


'OS,, 


■<:'7 M 


■04 » 


3 


^H Cbaracter of cephalic 
^H end 


— 


— 


— 


— 




^H Distance of genital 
^H pore from head 
^H female) ... 


■66-75 ,, 


— 


■a ,, 


1 


^H Diameter at point of 
^H genital pore 


■14 ,t 


— 


•07 ,* 






^^ Distance from tail of 
^H aaug 


'225 .. 


— 


j 'I4S 1* 


— 


^H Cuticular thickening 
^H on tip of Lail 


None. 


Noae. 


Double term- 
inal cuticular 
thickening. 




^U Spicules (male) 




Two unequal, 

anterior and 

posterior, boih 

retractile. 




Two unequal ^ 
spicules. 




^m Fapillse (caudal) 


Nooe, 


None, 


None, 


Four preanal 
and one post- 
anal. Very 
close to open- 
ing of cloaca. 


1 


H Habitat 


Lymphatic system. 


Conn^ctii 


■ 


^H Geographical distribu* 


In most Tropical re^ons. 


Africa (West Coast and Cen- 
tral), British Guiana. 


B 


L J 



F, Detnarquaii 


F. Loa 


F. Me^alhaca 


Female 


Male 


Female 


Male 


Female 


Male 


»5-8o mm. 


Not known. 


50-55 mm. 


30-35 mm. 


155 mm. 


^"^ mm. 


•2I--2S „ 


— 


•55 »» 


— 


•6-7., 


•3- -4 » 


'i-*09,, 


— 


"~ 


— 


•06 „ 


•04,, 


— 


— 


— 


— 


— 


— 


76 „ 


— 


2^35 „ 


— 


256 „ 


— 


•I » 


— 


— 


— 


•58 ,» 


— 


•25 ,. 


— 


•3 n 


175 »» 


•13,, 


— 


ticular 
ickening 
e r tip. 
obby and 
egular in 
outline. 




No thickening 
over tip. Two 
lateral a 1 oe. 
C u t i cular 
bosses not 
found at tip. 


Thickening 
over tip. The 
*• bosses" so 
abundant over 
the cuticle in 
the body of 
the worm are 
not found at 
the tip. 


None. 


None. 








Two unequal, 

anterior and 

posterior. 




Two spic- 
ules. 








Three preanal 
pairs and two 
postanal. The 
last are very 
small. 




Four pre- 
anal and 
four post- 
anal. 


leritoneal. 


Connective tissues, subcu- 
taneous, subconjunctival, or 
in the deeper parts of the 
limbs. 


Left side 


of heart. 


West Indies. 


West Africa. 


Brazil. 
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and subsequently slightly decolourised with dilute acid 
spirit h per cent, to show in situ eggs and embryos. 

Many filariae show fairly well when mounted direct in 
glycerine jelly, but these, after a time, become distorted. 
If previously hardened by placing first in i per cent. 




Fig. 41. Fig, 42. 

Head of Filaria Demarquaii, ? . Head of Filaria perstans, ? 

formalin for two days and then in 2 per cent, formalin 
for two days, and then kept in 5 per cent, formalin for 
some days, they can be mounted in glycerine jelly, or 
even in Farrant's solution, and retain their natural size 
and appearance. 

Some authors prefer to mount in a 2 per cent, formalin 
solution in a shallow cell, and ring with Hollis' glue, so as 
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to prevent evaporation, but such specimens in the long 
run nearly always dry up and thus valuable specimens 
axe spoiled. 

The different points enumerated in the tabular form 
are usually made out, but to see either the genital pore 





Fig. 43. Fig. 44. 

Tail of Filaria Demarquaii, ? . Tail of Filar ia perstans, ? . 

or the anal opening that portion of the worm must be 
viewed in profile. It is therefore necessary to turn the 
worm gently before mounting so that they can be seen. 
This can generally be effected by slightly moving the 
cover-glass by pressure of its edge with a needle so as to 
roll the worm over slightly. 

The points of difference and resemblance are shown in 
the table (pp. 120, 121) for the known adult human filariae. 

Examination of the Blood for Pathogenic 
Bacteria. — Most of the organisms found in blood films 
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are due to contamination with skin orgtmisms during the 
preparation of the film. To avoid this the finger, which 
for this purpose is the most convenient part to examme, 
should be well washed witli 2 per cent, lysol and then 
wrapped in a i in 500 sublimate compress covered with 
gutta-percha tissue for hours. The first drop of blood 
should be rejected as the most likely to be contamin- 
ated. Thick and thin films should be taken and rapidly 
dried. The thin films can be stained by Louis Jenner's 
and Leishman*s stains, or the film can be fixed and 
stained by any of the methods used for bacteria. The 
thick films after drying can have the haemoglobin 
removed by placing in sterilised water, and can then 
be fixed and stained. This method is particularly suited 
for tubercle baciUi. 

Most organisms are present in such minute numbers 
that they will not be found by this method, and the 
drops of blood obtained should be used for making cul- 
tures. The organisms of plague, septicaemia, tubercle, 
&c., may be found in the blood, 

Sarcosporidia.— In the muscles of some animals, such 
as pigs, rats, &c.j tubular bodies are found. These are 
often visible with the naked eye. On microscopic exami- 
nation these '' tubes " are seen to be filled with refractile 
bodies, which are usually cur\^ed and sausage-shaped, 
but they may be round. The wall of the tube is in reaUty 
a capsule containing these sporidia. Nothing is known 
of the life-history or development of these bodies. Similar 
bodies have been found in man. They may also occur 
in the organs, for example the liver. The sarcosporidia 
stain readily with basic stains, 

Little attention has been paid to these bodies. The 
separate organisms are invisible to the naked eye, but 
as they usually occur in masses and produce some colour 
chajigej appearing as light streaks or nodules, such 
streaks should be looked for and scrapings of them 
examined microscopically. 
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CHAPTER VI. 

For certain purposes it is desirable that blood should 
be kept fluid and coagulation prevented. This is requi- 
site when we wish to inject or transmit blood containing 
living parasites such as filariae or tr5^anosomes. 

If the blood be allowed to coagulate the parasites are 
usually entangled in the blood dot. To prevent this 
coagulation the blood should be quickly mixed with a 
citrate of sodium solution, a lo per cent, solution should 
be used, and one part of this, if rapidly and thoroughly 
mixed, will prevent the coagulation of twenty-five parts 
of blood. Twice the amount of a 5 per cent, solution 
is somewhat easier to work with and equally effective, 
whilst others use a much larger proportion — physio- 
logical normal citrate of soda solution. In such mix- 
tures the blood corpuscles are not destroyed. 

Blood serum is required for several purposes, and par- 
ticularly for the demonstration of the presence or absence 
of the specific agglutinins which cause the agglutination 
of the corresponding micro-organism. 

The ingenious glass tubes devised by Wright are useful 
in obtaining and diluting such serum. The simplest form 
IS to draw out the two ends of a piece of glass tube 
a quarter of an inch in diameter. In drawing out the 
tube it is well to rotate the tube in the flame until it is 
quite soft at the required place, and then remove from 
the flame and pull steadily and hard if the glass does 
not readily yield. In that way more uniform tubes are 
formed than if the traction be exercised whilst the tube 
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is still in the flame. The thin tube thus formed should 
be broken and at a convenient distance another portion 
of the tube should be heated and pulled out in the same 
manner {fig. 45). One of the capillary extremities should 
be sealed. A puncture with a broad needle or small 
knife should be made in the skin and the upper half oi 
the unexpanded tube, that towards the sealed end, shouLci 




Fig. 44a. 



FIG. 45. 



be heated in the flame of a spirit lamp which is lighted 
and placed dose at hand before the skin is punctured. 
Holding the lower part of the tube which has not been 
drawn out between the fingers to make sure that it is 
not too hot, the open drawn-out end is placed in the exud- 
ing blood. As the air in the tube cools and contracts 
the blood wQl be drawn up into the tube. If there is 
not enough or the blood is not drawn entirely up into 
the thick part of the tube by the time it is cool, the 
sealed end can be broken off and the upper end of the 
thick tubing again heated and the same end again sealed. 
The contraction of the air will be sufficient to draw more 



NoTE.^We are indebted to the kindness of the Proprietors of the 
Lancet for the use of Fig, 44a* ^ 
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blood up and the blood already in the tube higher up. 
When sufficient blood is in the tube and the tube is cool, 
the lower end through which the blood entered can be 
sealed. The tube is now placed on its side, horizontally, 
till the blood coagulates, and is then placed vertically, so 
that as the serum is expressed by the contraction of the 
dot it will nrn down into the narrow part of the tube. 
In this way dear serum, free from blood corpuscles, can 
be obtained without using a centrifuge. Capillary vac- 
cination tubes can be used to collect the blood but will 
require to be centrifugalised to obtain clear serum. 

Serum, however prepared, requires dilution for most 
purposes, and the degree of dilution is important. A 
very convenient method of obtaining any degree of 
dilution is by Wright's tubes. A piece of glass 
tubing is drawn out sharply in the middle so as to 
make a short, sharp constriction. About an inch and 
a half from this constriction on each side the tubing 
is drawn out into a long, thin capillary tube. One of 
these is broken off and sealed, and the other, pre- 
ferably the more uniform and thicker, is touched with 
a file, broken off square and left open. The part above 
the middle constriction with the sealed capillary tube 
attached is called the air chamber, and that below in 
connection with the open capillary tube is called the 
mixing chamber. A narrow mark is made on the open 
capillary tube with a grease pencil about an inch or less 
from the open end. This distance depends on the calibre 
of the tube, the greater this is the shorter the distance 
from the open end to the mark, as the volume of the 
column of fluid between the open end and the mark is 
the unit of measurement. The finger or ear is pricked 
and from the blood obtained the serum is allowed to 
separate as above and blown out into a sterile watch 
glass. The air chamber is then well heated and the open 
end of the tube is placed in the blood serum till the serum 
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runs up to the mark. The tube is then removed frora 
the serum and a little air enters the tube as the air in tlie 
hot air chamber contracts, the open end is then placed 
in the diluting fluid and withdrawn as soon as the fluid 
reaches the grease pencil mark ; it is then withdrawn, 
but as soon as air has entered the tube it can be replaced 
in the fluid and again withdrawn when the mark is 
reached. This can be repeated as long as the air in the 
air chamber contracts. If repeated nine times there will 
be nine parts of the diluent to one of the blood serum. 
As the fluid by contraction of the air in the air chamber 
is all drawn up into the mixing chamber it can there be 
well mixed by rapidly rotating between the palms of the 
hands. 

This procedure would give a dilution of one in ten, 
and by continuing the process greater dilutions would be 
obtained ; but it is better, if high dilutions are required* 
such as I in lOO, i in i,ooo, after well mixing the serum 
and diluent, to expel a part of it into a sterihsed watch 
glass by heating the air chamber. 

The expelled diluted serum is further diluted in a 
second tube in exactly the same manner as the first dilu- 
tion, and from this a third, and in turn a fourth dilution, 
can be made. The tubes with the diluted serum may 
be sealed up and kept for some time if necessary. 

If it be desired, a known amount of a broth culture of 
an organism can be in the same manner drawn up into 
the mixing chamber and there mixed with diluted or 
undiluted serum. 

Wright uses india-rubber teats to draw up the fluid, 
.but as in the Tropics hidia-rubber does not keep well, the 
air chamber drawn out into a long capillary tube is more 
satisfactory, Wright, when using an airchamber^ blows 
it out into a bulb so as to have a larger volume of air, 
but a smaller air chamber is sufficient in most cases, and 
if it cools too rapidly so that the air ceases to contract, 



STUDIES IN LABORATORY WORK 



lag 






I 



the sealed end may be broken off, and whilst the tube is 
still open the air chamber can be heated and the tube 
again quickly sealed. Tliis can be repeated as often as 
one wishes if a large volume of serum or blood is required 
in the mixing chamber. 

Instead of serum the blood itself can be mixed with 
a diluent in a similar manner, and the diluted blood used 
lor counting leucocytes or red corpuscles. It is necessary 
that the diluent should be one that will prevent coagula- 
tion and will not cause destruction of the red corpuscles. 
Gower*s solution is fairly satisfactory, or if it be desired 
to stain the leucocytes, Toisson's fluid may be used. 
The mixing for uniform and successful results must be 
done quickly, as otherwise part of the blood may coagu- 
late or the corpuscles adhere together in masses. 

In addition to agglutinins other substances may be 
formed in serum as a result of inoculations with organisms. 
These include the toxins and antitoxins, i.e,, the poisonous 
products of the growth of organisms or substances that 
are inimical to the growth of such organisms. Hsemo- 
lysins are formed as the result of the injection of certain 
organisms and other substances. 

A class of substances which promise to be of much 
practical importance are the precipitins. It is found 
that if blood of one animal, as for instance man, be 
repeatedly injected into a rabbit, the constitutional dis- 
turbance set up by the injections becomes less and less, 
and after a few injections they cease to cause any dis- 
turbance. It is further found that the blood serum of 
this rabbit, immunised as to human blood, will give a 
precipitate when added to a solution of human serum 
or of closely-related animals, such as the ape, but not 
with solutions of serum of other animals, such as the 
rodentia. 

Similarly, if a rabbit be immunised by repeated injec- 
tions of the blood of any animal, horse, rat, pig, &c,, the 
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serum of the rabbit will give a precipitate with solutioxi 
of the serum of the horse, rat, pig, respectively, or anima. Is 
closely related to them. 

This gives a new means of grouping animals and pro- 
mises to be of practical and medico-legal value. The 
immunised or test sera can only be made where proper 
appliances are avaUable, but appear to keep well. 

The appHcation of the test is easy. Clean white filter 
paper is soaked in the fresh uncoagulated blood of the 
animal and allowed to dry in the air. A portion of this 
paper soaked with the dried blood is treated with normal 
saline solution. The clear solution thus obtamed is 
placed in a smaU test tube (Durham's tubes are suitable) 
and a few drops of the test serum are added. A pre- 
cipitate indicates that the blood was either that of the 
animal against whose blood the rabbit was immunised 
or a closely-related one. 

Dr. Nuttall has made observations on a large series 
of animals and the results obtained have been con- 
sistent, and in many ways have thrown light on the 
relationship of different animals. The filter papers 
soaked in blood and well dried in the air keep well 
and give the reaction after many months. It is im- 
portant that blood should be obtained from any rare 
animal and examined in this way to aid in its classifica- 
tion. The filter paper or white blotting paper should be 
soaked in the blood and clots removed. The blood must 
be fresh. The paper should then be allowed to thoroughly 
dry andj if possible, wrapped in waxed paper and sent to 
England to be tested with the prepared sera. 

Coagulation Timc^Blood varies greatly in the rapidity 
and firmness with which it coagulates, and the time re- 
quired is influenced by various diseases. Methods of 
estimating the coagulation time for clinical purposes are 
not very satisfactory, and all determinations must be 
made at a constant temperature. 
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Wright's method is to draw up blood into a series of 
capillar}^ tubes and attempt, by blowing at intervals of 
half a mioutej to dislodge the blood. When it cannot 
be dislodged it has coagulated and the time it has taken 
is the coagulation time. This simple method appears 
to give as good results as any. 

The q)ecific gravity of the blood is another variable 
eJeiuent and is not easily determined accurately with 
the small amotmts of blood that can be used for clinical 
Ptirposes. 

Blood is dropped into a series of fluids of known specific 

pavity varying from 1035 to 1068, and the specific gravity 

^f the fluid in which the blood neither sinks nor rises is of 

*^^ Same specific gravity as the blood. The fluids chiefly 

^^d are glycerine and water^ or chloroform and benzol 

^^ Varying proportions. 

The reaction of the blood can be determined either by 
^^^X}g glazed litmus paper previously soaked in cliloride 
^* sodium solution, or a plaster of Paris disc soaked in 
^^Utral litmus solutions. 

In addition to haemoglobin we may have in the blood 
^H cases of jaundice bilirubin, and in some cases deriva- 
tives or modifications of haemoglobui are present. A 
small direct vision spectroscope is the most satisfactory 
method of determining the presence of these substances. 
The blood should be laked by the addition of distilled 
water to render it sufficiently translucent. If it be 
desired to determine the presence or absence of haemo- 
globin from the serum another specimen of the blood 
should be allowed to coagulate, and when the serum 
has separated that should be examined separately. The 
diluted blood' should be placed in a small vessel with 
two plane sides inclined towards each other at an acute 
angle, so that varying thicknesses of the fluid can be 
examined. 
Either ordinary daylight or a lamp can be used, and 
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the spectrum should first be focussed as sharply as 
possible and the slit closed as much as is convenient to 
bring out Fraunhofer*s lines distinctly. 

The more important spectra are that of oxyhaemo- 
globin and reduced hsemoglobin, which can be readily 
obtained from the same specimen either by shaking up 
with air to oxidise or reducing by the addition of am- 
monia sulphide, 

Methaemoglobin gives two additional lines> as seen in 
the diagram, and the two lines between D and E are 
further apart and faint ; on the addition of alkali the 
spectmm changes and becomes more like that of oxy- 
hsemoglobin. Bilirubin is shown by the single faint 
band between E and F. 

The opposite table gives the spectra of haemoglobin 
and its derivatives, though many of these are only formed 
under artificial circumstances and consequently are of 
little practical clinical value. Some only are found in 
the urine (fig. 46). 

The colouring matter of blood is haemoglobin, it forms 
some 90 per cent, of the red corpusdes, and is not found 
in blood plasma nor when the blood coagulates in the 
serum. It can, however, be readily removed from the 
red corpuscles by the addition of water either to the 
fluid blood or to the freshly dried blood. 

Advantage is taken of this property when thick films 
are madcj as in examining for filaria, in order to render 
a thick film transparent. To prevent the occurrence of 
this solution in making preparations for the examina- 
tion of thin films "fixing agents," such as alcohol, per- 
chloride of mercury, formalin solution, or vapour and 
heat, axe employed. 

Different specimens of blood vary in power of retain- 
ing their haemoglobin. Though distiQed water will re- 
move the haemoglobin completely from the corpuscles in 
fluid blood, saline solutions over a certain strength will 
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not remove it. The resistance of '' tonicity " of th4 
blood corpuscles is measured by the strength of saline 
solution, whicli is just sufficient to prevent the solution 
of the haemoglobin. Such a solution is said to be ** iso- 
tonic," Normal saline solution '75 per cent, is sufRcient 
to prevent the solution of haemoglobin in most bloods, 
and by using a series of solutions differing by -02 per cent - 
and dropping a drop of blood in each and shaking md- 
allowing to stand, we can arrive at a point when th^^ 
strength of the solution is such, that even when left iC^ 
stand for some hours no appreciable solution of hserao-^ 
globin takes place. 

The strength of that solution gives the isotonic strength, 
which is the measure of the resistance of the blood, nor- 
mally 0-46 to 0-48 per cent. A less accurate but more 
convenient method is to mix a measured amount of the 
blood with a measured amount of a solution, such as a 
3 per cent, solution, which is well above the isotonic 
strength, and add gradually measured amounts of water 
till the solution of the haemoglobin takes place ; from this 
the strength of the solution which just causes solution 
can be calculated, 

Wright's tubes with the air and mixing chamber are 
convenient for the purpose. The tonicity of the blood 
is of considerable importance, as a decrease in the tonicity 
often precedes a hsemolytic attack, such as occurs in 
blackwater fever, and persons whose blood is of a low 
degree of tonicity should not be allowed to live in coun- 
tries where this disease is endemic. 

These methods assume that the red corpuscles in the 
blood are all equally isotonic or nearly so. This is not the 
case, as even in healthy blood an occasional corpuscle 
will be found that will be decolourised in a stronger solu- 
tion of salt than the others, and also a few will retain 
their hsemoglobin when all the others are decolourised. 
With healthy blood the great majority of the corpuscles 
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are equally isotonic or nearly so, but with other bloods 
^ much larger number are markedly less isotonic than 
the average^ and the differences as regards tonicity of the 
corpuscles are greater. 

To determine the range of variation of tonicity in the 
corpuscles the blood should be first well diluted with a 
strong salt solution, 4 per cent,, which is hypertonic to 
^ corpuscles. The mixing can be done in one of Wright*s 
^iJbes. The tube is allowed to stand and the corpuscles 
^^U fall to the bottom, and can then be expelled by 
bleating the air chamber into a clean watch glass. 

Hanging drop preparations of this blood diluted with 

^^"^j three or seven parts of distilled water will be equi- 

^^«nt to 2 per cent, and i per cent, and -5 of salt solu- 

}^^T\. An examination of these lianging drops will show 

** any considerable proportion of the corpuscles have 

^st their haemoglobin. If none or very few are de- 

'^^lourised with the i per cent, salt solution the remainder 

^f the red corpuscles in the watch glass in 4 per cent, 

^^t solution should be diluted with three parts of distilled 

^ater in one of Wright's tubes and well mixed in the 

tuixing chamber. The fluid can be expeDed into a clean 

"Watch glass and a series of dilutions, as hanging drops, 

inade. One part diluted with one of water will give 

*5 per cent., with tw^o of water ^33 per cent. Two parts 

of the diluted blood with one of water will give -66 per 

cent., and so on. In this manner, by examining a series 

of these hanging drops and determining the proportion 

of the " shadow " corpuscles which can be easily seen 

with an oil immersion if the light is cut off, the proportion 

of corpuscles of lower tonicity than these solutions can 

be determined. 

When the haemoglobin is dissolved in the serum the 
blood is said to be *' laked." Dissolved hsemoglobin is 
found in the serum in acute h£emol3rtic processes, but 
appears to be rapidly removed either by the hepatic 
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or renal cells, or deposited in the subcutaneous tissii 
The yellow tint of skin and conjunctiva in some disea. 
which simulate jaundice is of this nature and is called 
hsematogenous jaundice. The yellow tinge round old 
bruises is due to the solution of the haemoglobin in tlie 
extravasated blood. 

Normal blood serum is " hypertonic," that is, not only 
is it sufficient to prevent the solution of haemoglo"t>ixi 
from the red corpuscle, or isotonic, but considerably 
above that strength. This excess of tonic value is xiot 
simply due to the amount of salts. It varies considei^- 
ably and is estimated by determining the dilution u^i"tli 
water required to render it isotonic as regards norrn.^ 
red corpuscles. This can be determined either by usir^^g 
a series of dilutions and dropping (with distilled w^at^T, 
or as a series of hanging drops in Wright's tubes) bloc^ 
into each, or by diluting to a known extent a mixture 
blood and serum. 
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CHAPTER VII, 

SlTlNG-MOUTHEDj NOXIOUS AND PARASITIC DiPTERA. 
By Fred. Y, Theobald, M,A, 

The order of two-winged flies or Diptera have con- 
siderable importance in connection with man and animals 
^nd disease, 

Diptera are harmfnl to man and animals in the 
following ways :— 

(i) By biting. 

(2) By living as parasites during their larval stage 
either [a) internally (^= internal myiasis) ; or {h) exter* 
nally {== external or cutaneous myiasis), 

(3) By carrying disease germs, either {a) as direct 
agents, or {b) as secondary hosts for parasites. 

(i) There are great numbers of diptera which cause 
considerable annoyance to man by their bites. The 
virulence of these bites depends on three factors : (a) 
The presence or absence of poisonous saliva produced by 
the insect and injected into the wound formed by the 
insect's mouth ; {b) the state of the blood in the person 
bitten ; and {c) the state of the insect's piercing organ in 
regard to cleanliness. 

Certain species are noted for their vinilent bite ; such 
insects apparently secrete a poisonous or irritating saliva. 
Whether the virulence of flies' saliva varies at diiferent 
times is not known, the dissimilar effects produced by 
any particular species upon man at different periods and 
upon separate individuals may be due to the state of 
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the human being's blood. There is no doubt that 
certain times biting insects are more venomous than 
others. i 

Diptera feed both by night and by day ; as a rule 
each species, often each family, has its particular feeding j 
time. The gadflies {Tahamd(2), for instance, only fee^i 
during the day ; Culicidm of the genera Culex and M&n-^ 
sonia by day and by night ; Anophelina chiefly but no^-" 
exclusively by night. Fleas or PuHcidtF are almost ex — ^ 
ckisively nocturnal. 

(2) Parasitism is fairly common in this order of insects 
and man is frequently the host. Human dipterous para- 
sites are nearly always found as such in their larval 
state. There are some notable exceptions in which the 
adult is the parasite, as the Jigger Flea (Sarcopsylla 
penetrans, &c,}. The larv^se of diptera parasitic in man 
and in animals produce what is technically called Myiasis, 
We find these parasitic larv^^e situated internally (internal 
myiasis) and externally j or under the skin (cutaneous 
myiasis). The internal position taken up by the Irwx 
in man is usually the alimentary canal. Grubs such as 
the horse-bots {Gasiropkilus equi) may live and develop 
in the stomach and intestines of the horse, the horse 
forming a definite host, but they exist in the intestines 
of man, as the Anthomyia larvae, by chance occurrence 
and not normally: There are no known dipterous larvse 
which live and develop only in man's intestines. Cases 
of internal myiasis in animals are common, in man rare. 

Cutaneous myiasis is much more abundant in man. 
The eggs of various diptera are deposited on sores and 
wounds, and the gnibs feed in such places (Lucilia and 
Calliphora), or the lar\^^ may live under the skin {Der- 
matobia), or even penetrate the organs of sight. External 
m3riasis does not only refer to the skin but includes cases 
of insect invasion of the external openings of the body, 
such as in the nose, ears, vagina, rectum, &c* (Screw- 
worm, Compsomyia macellaria). 
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Cases of internal myiasis require the most careful atten- 
tion, as diptera may deposit not only eggs but living 
yoxing on faeces directly they are voided and these 
^a^ggots may be thought to have been passed per anum. 
There are, however^ v^rell -authenticated cases of internal 
^3/iasis, 

(3) Diptera often feed indiscriminately upon man and 

Animals. In this way a biting fly may carry germs of 

sc>me disease from animal to man^ suchj for instance, as 

^^T^thraXj or from man himself to a fellow creature, 

^^nother source of infection of disease in man in which 

*^il>tera play a prominent part is not due to biting diptera 

'^-lone, but to germs being carried from f^cal matter in 

^*- brines, &c., by all kinds of carrion and foul -feeding 

^^es, to man's food and drink (typhoid fever, &c.). 

,^ The important role played by diptera as intermediate 

^^osts of human parasites such as the malarial H^Bmamm- 

^^^ii<E and the Filari£S, is mainly if not exclusively carried 

'^^ut by the CuUcidm, or mosquitoes. 

The actual specific identification of obnoxious biting 
^md disease-carrying diptera must be left to specialists, 
but it is of use for the medical practitioner to be able to 
detect the more important families and genera. 

The families and some of the chief obnoxious genera 
in each are briefly specified in this chapter. 

Characters and Structure of Diptera, 

The true fhes or diptera undergo a complete meta- 
morphosis. They are either provided with two wings or 
are apterous {vide figs. 81, 82), The posterior wings are 
represented by a pair of club-shaped processes, the 
'' balancers,^' or '* halUresy The head, thorax and abdomen 
are distinct. The head is very variable in shape. There 
are usually two large compound eyes, and ocelli may be 
present. The antennae are very variable and present 
important characters; the number of segments vary. 
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In the Nematocerous Orthorrhapha (vide p. 146) they vary 
from eight to sixteen or more {fig. 47) ; the two basal 
ones form the scape, the remainder the flagellum ; when 
composed of three segments, as in the Brachycerous 
Orthorrhapha, the third may be either simple or complex 
(i\^.j made up of a number of annuli). The last segment 
terminates in a simple or plumose bristle {arista) or 
a style (fig, 48), 




Fig. 47.— Antej^n^e qf a, Mycetid ; Fig. 4S. — Antenn^a {Brachycerous), 
h, Tabanid. {After Wandolleck.) 

The mouth is suctorial and is in some adapted for 
piercing {Culioidm^ Tahanid^, &c.) (figs. 49^ 50, &c.)* The 
normal mouth-parts are (i) the lahrum or upper lip 
(fig, 49, /), (2) the mandibles (fig, 50, J), (3) the maxillae, 
(fig. 50, c), (4) the lower lip or labium (hg, 49, a), and (5) 
the hypopharynx (fig. 49^ d). Jointed appendages, the 
maxillary palpi (fig. 49, g), also are present; the labial 
palps occur as the so-called labellm (fig, 40^ b and fig, 50, c). 
The form varies in each group. The labium is more or 
less fleshy and acts as a sheathing organ ; the labrum 
is often much elongated, and so is the h3^opharynx or 
tongue \ the latter and the labrum may form a more or 
less perfect tube* 
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The space between the eyes is called the verteXy that 
part in front of the eyes the frons, the part behind, the 
occiput ; the sides the gcnce^ or cheeks ; and a process 
occurs in front, the clypeus. 

Nearly half the diptera have a peculiar structure in 
the form of a vesicle on the head, called a " ptilinum.'' 
This is a bladder-like expansion in front of the head 
which appears as the fly emerges from the pupa. It 
serves to rupture the hard shell in which the fly is en- 
closed. This ** ptilinum " becomes completely inverted 
in the mature fly, it being represented externally by a 
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Fig. 49. — Mouth of an Empis, 

a. Lower lip or labium ; d, hypopharynx ; b, labella ; c, stylets or 
maxillae; /, upper lip or labrum ; g» maxillary palp. (After Meinert.) 



space, the " lunuluy^^ under an arched suture extending 
over the point of insertion of the antennae. 

The head is joined to the thorax by a narrow neck ; 
the back of the head is called the nape. The thorax may 
have all three segments distinct, or the pro- and meso- 
thorax may fuse ; the former is usually small, the latter 
large ; the metanotum is small. The prothorax is most 
pronounced in the Nematocera and forms either two pro- 
thoracic lobes or a narrow collar : a portion of the 
mesonotum is cut off behind by a depressed line, forming 
the sciUeUufn ; a transverse suture may sometimes be 
seen on the mesonotum running across from the base of 
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the wings, and there is also a prominent groove above 
the root of the wings j along which there are often charac- 
teristic bristles. 

The pleurse or sides are built up of several pieces and 
lie below the meso- and metanotiim, and are known as 
the (i) mesopleura {a space in front of the root of wings 
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Fig* 50* — Mouth 'PARTS of Mcsmatopoiu ptuvialis. ? (after Meinert)^ 

ft, Labrum ; b, mandibles ; c, maxillae ; d, b^sal segment of moutli' 
parts ; /, palpi ; g, hypopbarynx ; li, receptacle for saliva : i, salivary 
duct : kj basal part of mouth ; I, pharynx. In the second figure, 
Ct salivary duct. The third figure is the labium — c, labella ; a, scutum ; 
d, muscles, ^ 



between a suture— the dorsopleural suture that marks 
off the mesonotum and another suture, the stemo- 
pleural, which separates the mesopleura from the stemo- 
pleura) ; (2) the picro pleura (a space below the roots of 
the wings bounded by a suture — mesopleural^which 
separates it from the mesopleura) ; (3) stcmopleura (below 
stemopleural suture above the front coxae 1 ; (4) hypo- 
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j>leura (space over mid and hind coxae below meta- and 
pteropleura) ; (5) metapleura (sides of metanotum, to 
which the haJteres are attached). 

The wings have a variable number of veins, which are 
both longitudinal and transverse. The figure given here 
is of a Daddy-long-legs (Tipida). 

In the centre will be seen a space surrounded by veins 
— ^the discal cell (fig. 51, 9). On the fourth longitudinal 
vein that bounds this cell in front will be seen a short 
connecting vein — the anterior cross-vein ; this always 
connects the fourth longitudinal vein behind with the 
third in front, and the cell behind is always the discal 
cell (9) ; between the second and third longitudinal veins 
are the marginal cells. The other cells are shown in the 
figure. 




Fig. 51. — Wing of Tipula. 

a. Costal vein ; b, mediastinal vein ; c, first longitudinal vein ; 
d, second longitudinal vein ; e, third longitudinal vein ; /, fourth 
longitudinal vein; g, fifth longitudinal vein; h, sixth longitudinal 
vein ; t, seventh longitudinal vein, i and 2, mediastinal cells ; 3 and 

4, sub-marginal cells ; 5, anterior basal ; 6, posterior basal ; 7, anal ; 

5, posterior marginal ; 9, discal cell. (After Loew.) 

The longitudinal veins are known as follows : — 
The costal {a) ; 

Auxihary, mediastinal, or subcostal (b) ; 
First longitudinal vein (c) ; 
Second longitudinal vein or radial (d) ; 
Third longitudinal vein or cubital {e) ; 
Fourth longitudinal vein or discoidal (/) ; 
Fifth longitudinal vein or postical (g) ; 
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Sixth longitudinal vein or anal {h) ; 

Seventh longitudinal vein or axiJIar rib (i) ; 
At the base of the wing is often a scale-hke process, 
the alula, and stUl nearer the base two smaller processes 
from the wing, the upper and lower tegulse. The hal- 
teres or balances may be hidden by the alula (Calypirate 
muscids). The legs are attached to pro-, meso- and 
metathorax ; there are usually distinct ungues or hooks. 



u 

■/■yir 
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A. 



B. 



Larva (A) and Pupa (B) of Cecidomym. An Orthorrliaplioiis Diplcron, 

(From ' ' A Tex t-Book of A gricn 1 1 u ral Zoology. ' ' Theobald . ) 

(Enlarged 14 times.) 

and pulvilh, at the base of the ungues^ in the form of 
two pad-hke fleshy cushions, but the latter are often 
absent in the Orihorr kapha. In the Cydorrhapha we 
find between them the empodiumy a median appendage 
in the form of a pad, bristle or spine. 

The abdomen is composed of nine segments, but they 
are not as a rule all shown. The ^ genitalia or hopo- 
pygium are useful as specific characteis. 
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All parts of the body may bear bristles {chata) which 
are also important in classification (chcetotaxy). 

The larvae (fig. 52, A and fig. 73) of all diptera are foot- 
less maggots and may {Orthorrhapha) (fig. 52, a) or may 
not have a distinct head (Cyclorrhapha) (fig. 73). 

The pupae (fig. 52, b) may be either naked {Tipulidce, 
Bibionida and some Cecidomyidce) or enclosed in the 
hardened larval skin or puparium (Muscidce, Oestridce) 
(fig. 53). 




Fig. 53. — Puparium of a "Screw-worm" (enlarged six times). 

The production of living young occurs in some groups 
(Cecidomyiay Muscids). In the forest flies and sheep- 
ticks or keds (Pupipara) the young may be born as 
fuDy-matured larvae in a puparium case. 

Classification of Diptera. 

The classification generally followed now is that formu- 
lated by Brauer in 1863. The order is divided into 
two sub-orders, based mainly upon larval and pupal 
characters. These two groups are characterised as 
follows : — . 
10 
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Sub-order i, Orthorrhapha. — Larva with a distinct 
head {fig. 52, A) ; pupa either free or encased in the larval 
skin (puparium) ; the larval skin always bursts, for 
either the exit of the pupa or imago, in a T-shaped 
opening on the back of the anterior end, rarely in a- 
transverse slit between the eighth and ninth segments- 
Imago without the frontal lunula and ptilinum. 

Sub-order 2. Cyclorrhapha. — Larva without ^ny 
distinct head (fig. yg) ; pupa always in a puparium 
(fig- 53) ; imago always escapes vid a more or less 
circular opening at the anterior end (fig. 73, c). Frontal 
lunula always present ; ptilinum usually so. 

The first sub*order may be divided into two sections : 
(i) Nematocera, {2) Brachycera. The Nematocera have 
the antenna with never less than six jointSj usually long 
and filiform {fig. 47, a), and the palpi three, four or five- 
jointed. The Brachycera have shorty three- join ted 
antennae (fig, 48), and short, two-jointed palpi- The 
following families are included in the Orthorrhaphous 
Nematocera : Cecidomyidm (gall midges), Myceiophilidm 
(fungus gnats), Ckironomidm (midges), Culicid^ (mosqui- 
toes), Bihionid^ (fever flies), Sinndidm (sand-flies), 
Psyckodidm (owl midges), Blepharocerid^, Ptychopteridi^t 
Tipulidis and Limnobiidw (daddy-long-legs). In the 
Brachycerous section we get the Lonchopterid^t 
Stratiomyidm (chameleon flies), Acanthomerid^B, Lepiid^B, 
Xylophagidce, Tabanidw (gadflies), Nemestnnid^, Acro- 
ceridw, Asilid^ (robber flies), Mydaid^, BomhyUda^r 
Empidm, and DoUchopodidw, &c. 

The second sub-order, Cyclorrhapha, is also divided 
into two sections : (i) Aschiza, (2) Schizophora (Muscidce). 
The Aschiza have the antennae composed of not more 
than three joints and an arista, the latter not terminal ; 
the front of the head without any definite arched suture 
over the antennae, but frequently with a minute area of 
different colour or texture there. {Syrphidm, or Hover- 
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flies, Conopidie, Pipunculidce, Phoridce and Platypezida). 
The Schizophora have three-jointed antennae with an 
arista. In the section Calyptratce the fold over the 
antennae is well marked and the halteres are covered with 
a squama ; in the Accdyptratce the halteres are exposed, 
head and antennae vary, but cannot be confused with 
Orthorrhaphous Brachycera because of the less complex 
veined wings. {Anthomyidce, TachinidiB, SarcophagidcBj 
MuscidcBy OestridcB.) The Fleas, or Pulicida, are con- 
sidered to be Diptera and are placed in sub-order 
Aphaniptera by some authors and they are included here 
as Diptera. They are all wingless and have piercing 
mouths. 

Orthorrhapha — Nematocera. 
Family Cecidomyid.e (Gall Midges). — ^Small, slender 
flies with long antennae, with bead-like segments ; probos- 
cis short, elongated in one genus only. Abdomen com- 
posed of eight segments. Wings usually hairy ; no alula ; 
never more than five longitudinal veins, usually only 
three, the first, third and fifth ; fourth and sixth may be 
present. Costal vein encloses entire wing ; fifth vein 




Fig. 54. — Wing of a Cecidomyia. 

forked ; only one basal cell. Larvae all vegetable feeders 
or inquilines ; most produce galls. A few live as parasites 
in society of plant lice. Larvae (fig. 52, a) with fourteen 
segments and possess an " anchor process " under the 
head end of body. The proboscis is elongated in the 
genus Clinorrhyncha (Loew), and directed downwards. 
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They are often injurious to crops, but are exceptional in 
causing annoyance to man by biting. 

Family Culicid^ (Mosquitoes). — Proboscis elongated 
for piercing. Eyes renifonn ; ocelli wanting. Antennae 
usually plumose in the ^ (except Sabethes^ Wyeomyiay 
&c.). Thorax with large mesothorax, narrow scutellum, 
rounded metanotum. Abdomen composed of eight seg- 
ments. Wings (figs. 55 and 56) with six longitudinal 




Fig. 55. — ^WiNG OF Anopheles maculipennis. 

veins, exclusive of the sub-costal, and two fork-cells; 
veins clothed with scales ; costal vein continued round 
the border of the wing, fringed with scales. Head, 
thorax and abdomen usually but not always scaly. Palpi 




Fig. 56. — Wing of a Culex. 

short or long in the ? and <y . The ? 's mostly blood- 
suckers. The majority of mosquitoes come in this 
family. The larvae and pupae are aquatic. The family 
is dividedjinto the following sections : — 

Proboscis long. 

Palpi long in $, long in S Anophelina. 

Palpi short in $, long in $, 
Metanotum nude. 

Fork-cells long Culicina. 

Fork-cells short Megarhinina, 

Mctanotum^caly Joblotina, 

Palpi short in both sexes j^deomina. 

Proboscis short Coretkrina. 
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All the genera except Corethra and Mochlonyx are 
blood-suckers. 

Family Blepharocerid^. — These Uttle flies have broad 
wings and long legs. The proboscis is elongated, and 
the females in some species (Curupira) are blood-suckers. 
The thorax has a distinct transverse suture. The hind 
legs. are longer than the front ones and there are no 
pulvilli. The broad wings are quite bare, there is no 
discal cell, they are iridescent, and have a secondary set 
of fine network of veins. They perform aerial dances 
like midges, especially near the spray of waterfalls. The 
larvae live in rapidly-running water fixed to stones by 
suckers. Some forms of larvae (Curupira) are composed 
of only six or seven segments, with widely projecting 
side lobes and small tracheal gills near the suckers. 
The pupae are flattened, inactive, and enclosed in a 
semi-oval shell, the anterior end having homy erect 
breathing tubes and suckers on the ventral surface. 

Family CHiRONOMiDiE (Midges). — This family includes 
the majority of midges which are frequently taken for 
CidicidcB or mosquitoes. They are all small, delicate, 
gnat-like flies, with small head, partly concealed by the 
cowl-like thorax. The antennae in the $ are thread- 




FiGi 5/. — Wing of Chironomus. 

like and composed of from six to fifteen segments ; in 
the s they are densely plumose. Ocelli wanting or 
rudimentary. Proboscis short. The oval thorax has 
no transverse suture, is bare, and projects more or less 
over the head. The long, narrow abdomen is com- 
posed of eight segments and is often semi-transparent 
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and pilose. The legs are slender and rather long and 
not spinose. The wings (fig. 57) are narrow, long, and 
bare or hairy, never scaly ; the anterior veins darker 
than the rest ; the sub-costal vein complete but small ; 
second longitudinal vein small or wanting ; third longi- 
tudinal vein sometimes forked close to its origin, the 
upper branch often rectangular ; fifth long vein forked 
sometimes the fourth ; the costal vein always ends ne 
the tip of the wing. 




Fig* sS. — A Ceratopogon. 



Great numbers of this family occur in aU parts of the 
world. The members of one genus {Ceratopogon) (fig, 58) 
bite severely* They often occur in sw^armSj dancing in 
the air. When at rest they wave their forelegs in the 
air, Ceratopogon occur in most countries. They are 
known as " punkies " or *' no-see-um," and cause great 
annoyance by their bites. 

The larvtT of Chironomidm are mainly aquatic and 
w'orm-like, often red in colour, and the pupae are 
active ; they also live in damp earth and in decaying 
vegetation* Those of Ceratopogon and allied genera in 
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*^e sap of trees, under fallen leaves, and in decaying 
^'^etation, or are aquatic, and are long, slender, delicate, 
^'hitish creatures. In the genus Ceratopogon the dorsum 



Fig. S9-— Wing of Cerai&pagon. (After Leonard!,) 

the thorax is not produced over the head ; the palpi 
^^ iour-jointed ; the wings are usually spotted (figs* 58 
r^<i 59)- 

family Psychodid.^ (Owl-midges), — Small, densely 
^^ty, thick-set insects. Proboscis usually short, but in 
P^^ genus (Phleboiomus) it is long and horny ; palpi 



Fig, 60* — Phhhoiomus, sp. 
(From Giles' '* Gnats or Mosquitoes/*) 



hairy and composed of four segments. The short 
abdomen is composed of six to eight segments, hairy. 
Tlie legs are often short and densely hairy and the daws 
small. The wings are broad and when at rest lie roof- 
shaped over the body ; they are densely covered with 
long hairs and are fringed with hairs ; neuration mostly 
composed of longitudinal veins ; the first longitudinal 
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vein near the cost a ; second arises near origin of first 
and is usually twice forked ; third vein simple ; fourth 
forked ; fifth, sixth and seventh usually distinct, the 
latter sometimes wanting. These small fiies can at once 
be told by their moth-Uke appearance. They run well, 
but theii flight is weak. Owl-midges frequently occur 
on windows and in out-buildings. The genus Pklebo- 
tomus bites severely. The lan^ae live in stagnant water 
and de€a3nng vegetation. They are cylindrical and have 
a short terminal breathing tube. The inactive pupae 
have two long tubular stigmata. 

Family Simulid^ (Sand- flies), — Usually called sand- 
flies, black flies, brulois, buffalo and turkey gnats, and 
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Fjg» 6r, — WiNC OF SimuHum. 



sometimes mosquitoes. All small with oval thorax" 
devoid of any suture. Cylindrical abdomen composed 
of seven or eight segments* The eyes are holoptic in 
the <?, and there are no oceUi. The ^ is darker and 
more velvety than the 5 , The short anteimae are com- 
posed of ten or eleven segments, the two basal ones 
distinct, the rest closely united. Palpi composed of 
four segments, the basal joint short, the next two equal, 
the last longer and narrowed. The legs short, thick ; 
femora broad and flat. Wings {fig. 6i) large and broad, 
the anterior veins thickened, remainder dehcate ; the 
sub-costal terminates in the costa about half the length 
of the wing ; first and third longitudinal veins lie dose 
together ; fourth vein forked^nearly opposite the anterior 
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cross-vein ; forks terminate near the tip of the wing. 
Proboscis short with strong horny lamellae, consists of 
two resisting bristles for pimcturing, and on its sides two 
maxillary four-jointed palps. These small flies bite very 
severely and cause much annoyance. They especially 
attack the eyes, nostrils and ears of both animals and 
man. Sand-flies occur in all climates. The larvae are all 
aquatic and live in rapidly flowing water ; they attach 
themselves to stones, plants, &c., and form elongated 
cocoons, open above. They are soft-skinned, with 
thickened ends, a cylindrical head, and on the first seg- 
ment a prominence with bristly hooks, and the end of 
the abdomen with several appendages, by which the 
larvae attach themselves. The pupae have the anterior 
end of the body free and from it pass out a number of 
thread-like breathing tubes. The flies are accused of 
propagating anthrax and septic diseases. Their punc- 
tures give rise to severe inflammation and depilation in 
animals. 

Orthorrhapha Brachycera (Antennae short). 

Family Tabanid^e (Gad-flies). — This family includes a 
number of genera, the popular names being gad-, breeze- 
or horse- flies, brimps and sneggs. They are mostly large 




Fig. 62. — Head of Tabanus. 



and stout; the head (fig. 62) large; eyes very large, 
contiguous in the ^ , the upper facets larger than the 
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lower, usually witli green and \aolet markings whe 
alive. The antennse composed of three segments, thii j 
segment composed of six to eight rings ; no stylet. Tlmr:^ 
proboscis prominent, often greatly elongated, fleshy, wit 
pointed homy processes ; the ? with six, the ^ wit 
four stjdets ; the former only is sanguineous. Palpi twcr^ 
jointed, the second joint large. The abdomen is broach 
often flattened, never slender^ composed of seven se^g| 
men is (vide fig. 64), The legs are rather tliick, mid-tibi=^ •! 
always with spurs ; tarsi with three membranous pa(^3 
at the tip. There are never any bristles. The thir ^ 
longitudinal vein forked. Two submarginal and fi\"^^ 
posterior cells present ; anal cell dosed at or ne 
margin of wing. Tegular lar^e. 




Fig. 63. — Wing of a Tabanus. 



Mostly large flies which occur during hot weather and 
have remarkable powers of flight. The bite of the ? 
is often severe. The eggs are spindle-shaped and dark, 
and are laid on leaves and stems of plants and on 
water plants. The larvae are carnivorous and feed upon 
snails, insect larvae and also roots ; elongated, composed 
of eleven segments, Jointed, often with retractile fleshy 
protuberances ; the last segment has a breathing pore, 
or the last two segments may form a breathing tube. 
The pupae are free, and live in earth and water. 

The worst biting species are foimd in the following 
genera : Pangonia, Chrysops, Hadrus, Hmnatopoia, Tkerio- 
pledcs^ Aiylotus and Tabanus. 




Fig 



. 64.-Tflb«««5 bovine'- 




Fig. 65 



_H<Bmatopota pluvialis- 
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There are two sections, distinguished as follows : — 

Hind tibiae with spurs at the tip Pangonince, 

Hind tibiae without spurs Tabanincs. 

The following characters separate the above-mentioned 
genera : — 

Pangonince. 

Third joint of antennae eight-ringed, the first ring 
slightly the longer; the fourth posterior cell 
open ; proboscis often very long Pangonia. 

Third joint composed of five rings, the first of which 
is much longer than the following ; the second 
joint of antennae as long as the first ; wings with 
dark areas; three ocelli ; brilliant eyes with 
purple lines and spots Chrysops. 

TabanincB. 

Third joint of antennae without or with only a rudi- 
mentary basal process ; thorax and abdomen 
with iridescent tomentum ; tibiae dilated Hadrus, 

Thorax and abdomen without iridescent tomen- 
tum ; firont of ? as broad as long Hoematopota, 

Third joint of the antennae with well-developed 
basal portion. 

First antennal joint short ; body broad. 

Eyes pubescent, small ocelligerous tubercle present... Therioplectes. 

Eyes pubescent, but no ocelligerous tubercle Aty lotus. 

Eyes bare Tabanus. 

The Pangonia are found in woods, forests and pastures ; 
their flight is rapid. The proboscis may be greatly elon- 
gated so that they can pierce through even thick clothes. 
An epizooty of anthrax in Pine Island, New Caledonia, 
was traced to this genus (Megnin). The genus Tabanus 
(fig. 64), is world-wide ; the short, thick, salient 
proboscis and the last joint of the antennae being 
annulated and notched in crescentic form and their 
large size render them easily identifiable. The genus 
HcBtnatopota (fig. 65) has no crescentic antennal notch 
(fig. 66), and the wings (fig. 67) overlap ; the abdomen 
is also narrower than in Tabanus, and the wings have 
hyaline spots. 
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The genus Chrysops can usually be told by their wings 
(fig. 68) being marked with dark areas and their eyes 
with purple lines and spots. They bite severely and 
usually attack round the eyes. An example of Hadrus 




Fig. 66. — Head of HeBtnatopota. 




Fig. 67, — Wing of HeBtnatopota pluvialis. 




Fig. 68. — Wing of Chrysops ccBcutiens. (After Leonard!.) 

is the Motuca fly (H. lepidoius) of Brazil, which causes 
deep wounds. 

Family AsiLiDiE (Robber-flies). — Mostly large flies, 
usually more or less elongated in form, and often thickly 




Fig. 69,^LepHs scohpacea. 




Fig, 70.--Honialomyia camctaatis. 
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hairy and with strong bristles. Head broad and short 
with a freely movable neck ; eyes separate in both sexes. 
Antennae composed of three segments, the third elon- 
gated, generally simple, with or without a terminal style 
or bristle ; style thickened and forming one or two 
apparent antennal joints. Proboscis firm; upper lip 
homy, used for piercing ; labella not fleshy. Legs 
strong and bristly. Wings when closed lying parallel 
over the abdomen ; three long basal cells, two or three 
sub-marginal cells and five posterior cells long; third 
longitudinal vein forked. These flies usually feed upon 
insects. Some reach as much as two inches in length. 
The larvae live in rotten wood and in the soil and feed 
upon other larvae. There do not seem to be any 
authentic records of these Robber-flies biting man, but 
some of the larger tropical species do so ; animals are also 
attacked by them. There are over 150 genera in this 
family. 

Family Leptid-S. — This family includes a number of 
elongated flies of moderate or large size (fig. 69). The 
veins of the wings distinct, not crowded anteriorly; 
third longitudinal vein forked, basal cells large ; five 
posterior cells usually present. Third joint of antennae 
complex or simple, with or without a terminal or dorsal 
arista or a terminal style. One genus only (Symphor- 
otnyia) bites, the rest being predacious upon insects. 
The section Leptince, in which the biting genus occurs, 
has short antennae with simple third joint, with a ter- 
minal or dorsal arista or a terminal style ; the proboscis 
is short and some or all the tibiae have spines. The 
larvae live in the earth and in decaying wood, sand, 
water, and the nests of wood-boring beetles ; they are 
predacious ; usually cylindrical and may have fleshy 
abdominal legs ; the anal segment has a transverse cleft 
and often two posteriorly directed processes, and two 
stigmata between them. The genus Symphoromyia has 
II 
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a single spur on the third tibiae ; the third joint of 
antennae kidney-shaped, and the arista nearly dorsal. 

Family EMpiDiDiE.— This family is a large one and 
includes many genera. The flies have a piercing mouth, 
being all predaceous, feeding upon other insects. Pro- 
bably some attack man in the Tropics, They are mostly 
small to moderate-sized species with small head pro\dded 
with either a short or long proboscis. The proboscis 
(fig. 48) consists of two stylets (c), a hypopharynx (d)^ and 
an upper (/) and lower tip (a) . The antennae three-jointed, 
the first two joints often smaU, third joint very variable, 
with or without a terminal arista or style. Abdomen of 





Fig* 71- — Wing of Empis, 



from five to seven segments, male genitalia very promi- 
nent. The legs have peculiar structures, the femora 
thickened and spiny; metatarsi flattened. Neu ration 
(fig. 71) of wing variable ; there are three or four posterior 
cells; the anal cell is closed remote from the border, 
sometimes wanting, at other times it is closed near the 
border {Hilarimorpha) ; then the discal cell is wanting. 
Tegulae small. The larvse are cylindrical, with smaU 
ventral swellings on the mesothoracic segments; they 
live in earth and amongst decaying vegetal matter, 
pupae have two points at the anterior end, 

CyCLORRHAPHA— ASCHIZA. 

This section does not contain any members that 
or annoy man. 
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The chief family, the Syrphidce or Hover Flies, are 
noted for the good some of their larvae do in destroying 
Aphides. 

CyCLORRHAPHA — SCHIZOPHORA. 

I. MusciD^ AcALYPTRATiE. — Mostly small flies with 
the antennae composed of three segments bearing a non- 
terminal bristle ; halteres never covered by a squama 
or basal scale ; nervuration of wings simple, few cells. 

This- group contains a large number of sub-families. 
None as far as I am aware are annoying to any notice- 
able extent to man. The following families are of 




Fig. 72. — Dermatdbia noxialis. 



economic importance, agriculturally and otherwise : 
ChhropidcBy Trypetida, Psilidce (as vegetable feeders), 
Scatophagidce (dimg-flies). 

II. MusciDiE CALYPTRiE. — Halteres covered with a 
squama. 

Family Oestrid^ (Warble Flies) (fig. 72). — Flies of 
large size, thick-set, and often very hairy. Mouth small, 
parts rudimentary ; eyes rather small, bare. Head large ; 



the antennse small, composed of three segments, mczr 
or less hidden ; arista simple or plumose. Thorax bro^^djj 
with distinct transverse suture. Abdomen short and thic:zrfcj 
Legs of moderate length, the hind pair often longer tli^ ^ii^ 
the rest. Wings with or without markings ; anal o^^llj 




SORATOR' 





Fig. 73.- — Dermaiatia noxialis. 
A and B, T-arvEC (" bots ") ; c^ puparium. {After Brauer.J 

small discal cell, may be absent. The larvae or bot 
(fig. 73, A and b) are provided with circles of spines, twa 
hooked mandibles and anal breathing pores ; parasitic. 
They live in three ways — (i) under the skin^ (2) in nasal 
and pharyngeal cavities, and (3) in the alimentary canat. 
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Man as well as animals may be attacked (Dermatobia), 
The larvae of Dermatobia (fig. 73) live under the skin 
of man, apes, cattle, dogs, &c. In the adult Dermatobia 
the arista is plumose on the upper side and the tarsi 
slender ; the proboscis is bent at the base and is con- 
cealed in the buccal cavity ; tegulae large ; first posterior 
cell closed ; body hairy. Larvae club-shaped, slender 
posteriorly, and surrounded with rows of prickles on 
the borders of the segments of the apical half. The 
chrysalis stage is formed in a hard puparium case (c). 
The common species, D, noxialis (Goudot), occurs from 
Mexico to Brazil, and is known as the " macaw worm," 
" ura," " torcel," and " moyoquil worm." 

Family SARCOPHAGiDiE (Flesh-flies). — Usually thick- 
set and of variable size. Abdomen composed of four 
visible segments with bristles which are confined to the 
anal end, but sometimes elsewhere. Arista plumose to 
the middle, apex always bare. Some are metallic {Cyno- 
myia). Larvae feed on deca5dng animal and vegetable 
matter and may Uve as parasites in the flesh of animals 
and in the orifices of man, also in wounds and ulcers. 
Those of Sarcophaga often occur in wounds in man, and 
are sometimes produced alive. The larvae are rounded, 
and thin anteriorly ; abdominal segments distinct, each 
with a circle of spines ; mouth with two curved mandi- 
bles ; posterior stigmata placed in a deep cavity, and 
there are two pointed anal swellings. The pupa lies in 
a brown oval puparium. 

The genus Sarcophaga (Meigen) has the first posterior 
cell open ; the tibiae with a few bristles ; the mid and 
posterior cross-veins nearly in the same line. 

Sarcophaga carnaria, the common British flesh-fly, may 
be taken as an example. 

Cynomyia (Desvoidy) has a metallic abdomen and 
the tibiae with short hairs. 

Cynomyia mortuorum is a bright blue fly about the size 
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of a blow-f3y, and like it lays its eggs in decaying animal 
matter, and may possibly do so on wounds, 

Sarcophila {Rondani), like others in the Sarcophapdm, 
are viviparous. The females deposit their larvae m 
wounds in animals and man. 

The genus Auchmeroyia contains specimens that pro- 
duce cutaneous m3nasis, such as the Natal maggot-fly 
(A, depressa). 

The larvae of the genus Ochromyia are also parasitic 
under the skin of animals and man — Cayor or Senegal fly 
(0. anihropophaga). 

Family Muscid^e {House Flies, Tsetse Flies, &c.). — A 
large family, easily told from the former by the arista 
being plumose at the tip (now and then it is bare), 
there are no bristles on the abdomen except at the tip^ 
and the first posterior cell is very narrow). The eyes of 
the <? contiguous, bare or hairy in both sexes. Abdomen 
composed of four visible segments. This family con- 
tains the house fly {Musca), blue- and green-bottle flies 
[Lucilia and Calliphora), stable or '' stinging flies " {Sio- 
moxys), horse-flies {Hmmatohia), and tsetse flies {Ghssina). 
The larvae are variable and live in decaying vegetation, 
in decaying animal matter and faeces ; others, as the 
screw- worm (Compsomyia), as parasites in animals and 
man : so also may Calliphora and Lucilia. The Stomoxy- 
inm, which include the stable fly, tsetse fly and the horn 
fly, have elongated, piercing proboscis, and are blood- 
suckers. 

The following characters wUl separate the more im- 
portant genera :— 

Proboscis long, tised for piercing ; palpi shorter than 

proboscis Siomaxys. 

Palpi nearly as long as proboscis ,.*.... //cemafMn. 

Proboscis very long, straight Ci&ssina. 

Proboscis short, not adapted for piercing ; arista 
plumose on both sides ; curvature of fourth vein 
angular ; mid tibiae without bristles on inner side ; 
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abdomen non-metallic ; blackish species with 

more or less yellowish markings Musca, 

*ftid tibiae with bristles on the inner side ; abdomen, 

&c., with metallic colours. 

Thorax blackish Calliphora, 

Thorax black with whitish stripes, more or less 

metallic Compsomyia, 

Tliorax unicolorous, metallic Lucilia, 

In the genus Stomoxys the solid, elongate proboscis is 

bent near its base, is horizontal and extencUng beyond 

tile head in front. The typical species is Stomoxys calci- 

i^uns (fig. 76), very like a common house fly, but more 




Fig. 76, — Stomoxys calcitvansx 

spotted with grey and black. The proboscis is hard and 
fine and pricks severely. In the genus Hcematohia the 
proboscis is similar, but the palpi at once separate it. 
HiBmatobia serratUy the ** horn fly " of North America, 
causes much annoyance to cattle and bites man, but 
in Great Britain it seems harmless. In the genus 
Glossina the proboscis is long and straight. These flies 
bite animals and man. Glossina morsitans (fig. 77), the 
tsetse fly, carries the blood parasite (Trypanosoma) of 
horses and other animals — the Nagana or fly disease. 
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ulcers in animals and man (L. sericata). This species 
causes the well-known " maggot " in sheep. 

Genus Compsomyia. — ^This genus also contains metallic 
flies which differ from Lucilia in that the thorax is 
^triped. The screw-worm fly (C. macellaria, fig. 75) 
^s found in North and South America and the West 
Indies, but does not attack man farther north than 
Kansas. 

Family ANTHOMYiDiE. — These are mostly moderate- 
sized, dull-coloured flies, resembling the common house 
fly. The arista is plumose, pubescent or bare. Abdo- 
men composed of four or five segments ; sometimes there 
are no bristles on the body, but they are usually present. 
The first posterior cell of the wings broadly open ; tegulae 
of considerable size. Male eyes contiguous or nearly so. 
It is closely connected on one hand with the Muscidce 
and on the other with the Sarcophagidce, None are 
metallic. The open first posterior cell is the chief 
character. The following genera have been connected 
with man either as parasites or by causing other annoy- 
ance, viz., Hydrotcea (Desvoidy), Homalomyia (Bouche), 
and Hylemyia (Desvoidy). 

They may be told as follows : — 

Eyes of $ close together ; tegula large ;* fore 

femora of $ with processes (tubercles, 

&c.) below ; arista always somewhat 

pubescent ; eyes bare ; black or blue- 
black, and pilose Hydrotcea (Desvoidy) 

Eyes of $ close together, bare ; tegula large ; 

abdomen nearly bare, unspotted ; head 

almost composed of eyes ; antennae short, 

third joint elongated ; arista bare ; mid 

legs of $ often with peculiar structures ; 

black and grey Homalomyia {fiouche). 

Arista plumose ; eyes bare ; elongated species, 

grey or black Hylemyia (Desvoidy). 

The genus Homalomyia (fig. 79) has often occurred 
* Larger than ante-tegula. 
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in human beings in the larval state in the intestiia^ 
being passed alive in the faeces. Most larvae in f 
family are vegetable feeders. They are nonn; 




Pi0^ ^Qg — Larva of Homalomyia. 

slender and cylindrical, or flat and oval, with four rows 
of thread-like processes on the segments, and have two 
mouth hooks. The puparium may be oval or flattened. 
In Homalomyia they have curious branched processes 
{fig. 79). The genus Hydroti^a also occurs in the larval 




Fig, 80, — Wing of Hydroima ciliaia. 



form in human beings. The characteristic neuration is 
shown in fig, 80, Hylemyia larvae have also occurred in 
human excreta, having been passed per anum. Some 
are dung frequenters and produce living young. 



Family TACHiNlD^.-^Like Anthomyidat but always 
bristly, Arista bare. Palpi formed of one segment. All 
Veins of the wings simple ; basal cells large ; three pos- 
terior cells ; first posterior cells closed or only just 
*>pened. Tegulse large. Larv^ parasitic in inseets- 

PtrpiPARA. — Blood-sucking, parasitic on vertebrates 
(except Braula), 

family HiPpOBOsciD^. — Parasites upon birds and 
^amnials when mature. Proboscis may be long and 
J/iarp, Palpi absent ; antennae placed in pits, composed 




Fig, a3.^H£AD of Hippohosca. 



One segment, with or without terminal bristle or 

^^irs» Eyes round or oval, often very small. Thorax 

^^t, leathery ; scutellum broad and short. Abdomen 

*^tthery, inflatedj no sutures visible. Legs short, strong ; 

^kws large and dentate ; em podia distinct. Wings 

present or absent {vide figs. 8i, 82). The larvae are bom 

nearly matured in the puparium case, passing most of 

their development in the body of the parent. Of general 

louse-like fonn. This family contains the forest fly 

(Hippohosca equina) (fig. 81), and the sheep ked {Mela- 

pkagus ovinus) (fig. 82). The proboscis is composed of 

elongated, hard, closely-apphed flaps and an inner tube 
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between. They mostly live on birds, and now and thea 
these animal pests attack man. 

Family Nycteribid^. — Found exclusively on bats. 
Spider-like ; no wings. Eyes and ocelli indistinct 01 
wanting. Legs long, femora and tibiae flattened. 

Two other families, Bratdida and Strebliday occur; ttxc 
former live on bees, the latter on bats. 



MdkMd Lfi 




-Mx.p. 



Fig. 84. — Mouth-parts of a Flea (VermipsyUa alakurt, <r). 
(After Wagner.) 
h„ Median lancet; Ip,, labial palpi; md,, mandibles; mx., maxillae; 
ntx.p., maxillary palpi. 



Sub-order Aphaniptera (Fleas). — ^This sub-order con- 
tains the group of fleas or PtUicida, These are all 
apterous and are provided with a piercing mouth (fig. 84) ; 
the body flattened laterally ; the head small, scarcely sepa- 
rated from the body ; the antennae are short and thick 
and lie in pits in the head ; the eyes are represented by 
two ocelli or may be absent. The three segments of the 
thorax distinct. Abdomen of nine segments. Legs 
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adapted for jumping, mainly modified in the third pair. 
The mouth-parts consist of well-developed maxillae {mx.), 
mandibles (md,), and labium (fig. 84). The mandibles are 
ii the form of a pair of elongated styles with serrated 
^dges ; the maxillae have each a palp {mx,p.) ; the labial 
Palpi (Ip.) are well developed and imperfectly jointed 
transversely and act as sheaths ; in the middle is the 
^^paired pricking organ, the hj^opharynx (A). They 
^re all parasitic on man, animals and birds. 

The following are human parasites : the common flea 
\Pulex irritans), the alakurt (Vermipsylla alakurt), and 
the jigger (Sarcopsylla penetrans). The larvae are usually 
free and are foimd amongst dust and dirt, in humours 
on the skin of animals, &c. The jigger differs in that 
the ? buries herself under the outer skin of animlals 
and man and the abdomen swells up with the developing 
eggs. In the Alakurt the female also attacks cattle, it 
remains attached to its host for many months like a 
tick, and its body swells. 

The genus Sarcopsylla has the forehead angular, with 
a number of tooth-like points. S. gallinacea attacks not 
only fowls but also children. In the genus Pulex the 
eyes are distinct. In Typhlopsylla they are absent or in- 
^stinct ; on the underside of the head are bristles and 
also on the pronotum and on the abdominal segments. 
In HystricopsyUa the cheeks and clypeus are densely 
spinose and the eyes absent or rudimentary. Species 
of Typhlopsylla occur in rats, mice, hares and voles. 
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CHAPTER VIII. 
Mosquitoes. 

Mosquitoes are the hosts of many parasites and 
some of those are injurious to man or the lower animals. 
As these diseases include malaria, at least one of the 
human filariae, as well as the Proteosoma of birds and 
the Filaria immitis, so fatal to dogs, a good working 
knowledge of the structure, life-history and modes of 
classification of these insects is required for tropical work. 

Mosquitoes, or Culicidce, belong to the order of dipterous 
insects. They are characterised by having the anterior 
pair of wings membranous, whilst the posterior pair are 
represented by a pair of club-shaped processes known 
as halteres or balancers. 

The insect is divided naturally into three regions : (i) 
head, {2) thorax, (3) abdomen. To the head are attached 
the sensory and biting organs, consisting of two com- 
pound eyes, two antennae, two palpi, and a complex 
suctorial and piercing organ, the proboscis. 

To the thorax are articulated a pair of wings, a pair 
of balancers and three pairs of legs, 'whilst the abdomen 
is segmented and terminates in the anus and external 
organs of generation. 

The head, thorax, abdomen and legs are thickly covered 
with scales in most of the genera, whilst on the wings 
scales are only found at the edge and on the veins. The 
character and arrangement of the scales are important 
points in the differentiation of genera. The absence of 
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scales on the wings or the presence of scales on other 
parts of the wings than those mentioned, or the substi- 
tution of hairs for scales, are valuable aids in the differen- 
tiation of other insects from the Culicidce, The type of 
Venation of the wings and the characters of the cephalic 
appendages are of value both for identification of the 
family CtdicidcB, differentiation of genera, of species, 
^d of sexes. 

Scales lose their colour and become too transparent 
for proper examination unless the specimens are mounted 
dry, so that for identification of species it is advisable 
that the mosquities should be mounted dry and so 
arranged that all the surfaces can be examined. Young 
mosquitoes are the best to examine or send for examina- 
tion, as in older specimens many scales are rubbed off 
and the insects otherwise injured. 

The mosquitoes must be killed rapidly, and a cyanide 
pot is invaluable in this connection, though at a pinch 
chloroform vapour, formalin, or even tobacco smoke, may 
be used. The dead mosquito must be mounted without 
delay as the limbs soon lose their pliability. They 
should be placed on their backs on a piece of cork felt. 
A small square or a circle of thin card should be taken 
and on one side of it the date and place of capture of 
the mosquito should be written, with a distinguishing 
number if the name is not known. 

The finest entomological pins (No. 20) should be taken 
up with forceps near the point, and the piece of card with 
the blank side downwards should be placed on a piece 
of cork felt. The pin still held in the forceps should be 
pushed through the card. The hold on the pin should 
then be shifted higher, and the pin pushed still further 
through the card till about half of it is through. The 
pin, still held in the forceps with the card transfixed on 
it, should .then be pushed through the thorax of the 
mosquito. On lifting out the pin the mosquito, which 
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has been transfixed, will remain on the pin, and on turn- 
ing the card upside down the legs and wings can with a 
few touches of a clean needle be arranged so as to be 
readily visible, and will not hide any part of the back 
of the insect. A stout pin should then be run throiigh 
the comer of the piece of card into the cork felt floor of 
the collecting box. Some powdered naphthaline enclosed 
in doth should be placed in the box to prevent insects 
attacking the specimens. 



■X, 



m 



Fio. S5. 

fl, Forceps ; b, pin ; c, disc ; d, corJc : m, mosquito ; 

s, large pin to carry disc* 

To examine such a specimen a low power, one inch or 
two-thirds of an inch, is required. With such a power 
the character of the scales on each part of the insect 
can be examined. The examination should be made by 
reflected light and the insect so rotated that the part to be 
examined is horizontal. This can be done best by alter- 
ing the inchnation of the large pin and using a strip 
of cork felt as a slide (fig. 86), In this way each part of 
the upper surface can be examined in succession. 
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To examine the under surface a second mosquito 
'counted with its back towards the card is required. 

The main types of scales found in the CulicidtB are 
^^Pfesented in the drawing (fig, 87).* 

These scales can for descriptive purpose be reduced 
^^ ^he small number of types represented : — 



I 



I 



Fig, 86* 

™i Broad, flat^ spade-shaped or tile-shaped scales, 

y^^ Broad, expanded, asymmetrical scales, 

^^ > Narrow, asymmetrical scales, 

^^^ Narrow, hair-like scales, 

^^) Narrow curved scales, 

^^ ^ g) Spindle-shaped scales, 

Kh & i) Upright fork scales. 

(7) Long twisted scales. 

{k) Pyriform scales. 

On the wings other types of scales, either lanceolatej 

^Ong, narrow scales pointed at the free end, or long and 

Harrow and with square free ends, are met with (fig. 91), 

Head appendages. — The head appendages can be easily 
seen in most specimens mounted as described, but for 
more minute examination it is better to cut off the head 
and mount it in a shallow cell either as a dry specimen 
or in glycerine jelly. In this way the parts are not much 



•^Figs, 87-91 are reproduced by kind permission of the Editor 01 
The Journal of Tfopimt Medicine^ 



STUDIES IN LABORATORY WORK 183 

Proboscis* — To examine the component parts of the 
proboscis it is better not to use the shallow cell but to 
forcibly compress the head so as to cause the various 
component parts of the proboscis to separate ; in one 
or more specimens all the elements can be seen. 

Palpi. — ^The points to be noted in the palpi are their 
length relative to the proboscis, the number of joints, and 
the colour, shape and arrangement of scales and hairs. 
To determine the number of joints it is necessary to 
remove the scales off the palpi. 

The antenncB, — ^Their length, and the relative lengths 
of the different joints. The number, length and arrange- 
ment of hairs and the presence or absence of scales. 

The different regions of the mosquito are shown in the 
diagram (fig. 88). To the head are attached the append- 
ages already mentioned, and, in addition to these, the 
back part of the head, or the occiput, requires close 
examination. 

The thorax is composed of three segments fused 
together. The greater part is formed by the second 
segment, or mesothorax. Anteriorly on each side are 
two rounded projections, the prothoracic lobes, the rem- 
nants of the anterior segment. The posterior edge of 
the mesothorax is a narrow overhanging trilobed plate 
— ^the scutellum. The scales on this part of the thorax 
are of generic value. 

Partly overlapped by the scutellum is a rounded 
mass connecting the thorax and abdomen, and is known 
as the melathorax or metanotum. This is the third seg- 
ment of the thorax. On each side of the metathorax 
are the halteres. 

The abdomen is segmented and has no lateral append- 
ages. The last segment terminates in the external 



♦ The variations in these elements of the proboscis are of no 
generic value. 
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Fig. 88. (Theobald), 
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genitalia. These are of specific but rarely of generic 
value. 

Thorax and abdomen. — In the examination of the dry 






Fig. 89. — Types of Metathorax (Theobald), 
a, Culex ; h, Wyeomya ; c. Joblotia. 

mounted specimen by this method, each part of the mos- 
quito should be examined in turn. By altering the angle 
in the manner described, the different parts represented 
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in the diagram can all be clearly made out and the 
character of the scales cov^ering these parts investigated. 

Mdaihmax, — It is well to first examine the metathorax 
or met ano turn. This part is nude in all genera except 
Wyeomyia^ in which thece are a few hairs^ in Joblotia, 
Limatus, and a few others, which have both hairs 
and scales (fig. 89). 

S£:i^^^//i/m.— Overhanging the metathorax is the scu- 
tellum bordered by a row of stiff hairs and covered with 
scales. These scales are not necessarily of the same type 
as those covering the thorax, but are often the same 
as the scales covering the middle of the occiput, with the 
exception that there are no upright fork scales. The 
scales on the scutellum are of great generic importance 

(fig. 87). 

The character of the scales on the abdomen and thorax 
are used by Mr. Theobald to subdivide the old genus of 
Anopheles. (Also of the wings.) 

Occiput. — The scales on the occiput should next be 
examined. They vary according to genera. The up* 
right fork scales {h and i) are only found in this situa- 
tion, but are not present in all the genera. Their presence 
or absence, therefore, is of value for differentiation of 
genera. In all the genera the scales at the side of the 
occiput are tile-shaped scales (a), but whilst in some 
genera [Megarhina) these scales extend all over the middle 
line of the occiput, and are the only scales found, in others, 
as Stegomyia^ they are found also with fork-scales; 
in others again they are not found in the middle of the 
occiput, but are replaced by spindle scales {/), either 
alone as in Mdes, or with narrow-curved and upright 
fork-scales as in Culex, Mansonia, &€. (fig. 87), 

Wings, — The type of wdng venation can be seen in a 
specimen mounted described as above, but is better 
seen in the wings when detached, flattened out and 
examined dry. The character of the scales covering the 
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longitudinal veins on the wings must be observed as 
these are of generic importance (fig. 91). 

The mng venation of the Cidicidce is comparatively 
simple. Unfortunately no two entomologists quite agree 
in the names given to the different veins. Here we 
follow closely in this, as in other respects, the description 
by Mr. Theobald. It is an easy one to work with (fig. 90). 

The thickened edge is called the costa, it forms the 
^ree edge of the wing. The scales on it are of no generic 
value ; these may differ greatly from those on the longi- 
tudinal veins. The scales on the costa in all genera are 
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Fig, 90. — Neuration of Wing (Theobald). 



mainly lanceolate. They are of unequal length, arranged 
in two tiers with, at their bases, a third row arranged 
obliquely ; these last are more like the scales on the 
longitudinal veins. The straight edge of the wing, with 
the wing expanded, is the anterior edge and is therefore 
so described. Next to the costa is a vein running from 
the base or attachment of the wing to rather more than 
half-way to the tip, terminating in the costa ; this is called 
the sub-costal vein (sc). 

The other veins running from the base towards the 
tip are known by numbers, the most anterior being the 
first hngitudinaL This is a single vein running the 
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*^^irds, and therefore appears nearly as a yellowish line, 

* c3oes not bifurcate. 
TThe fourth longitt^ined arises from the base, is covered 

^th scales in its whole extent, and bifurcates near the 

*^^ forming the second fork-cell (G)< 

The fifth longitudinal arises at the base, is covered with 

^^ales in its whole extent, and bifurcates half-way up the 
^'fling enclosing the third fork-cell (K), 

The sixth does not bifurcate, and terminates in the 
costa about the middle of the posterior border of the 
wing. There are markings or thickenings on the wing 
between the fifth and sixth longitudinal and posterior 
to the sixth which have no scales and are not regarded 
by Mr. Theobald as veins. Connecting the second and 
third longitudinal veins is the transverse vein. The 
third and fourth are connected by the middle transverse 
ve-ii, and from the fourth longitudinal to the anterior 
division of the fifth is the posterior transverse vein. 
These are definite bands of considerable thickness and 
often contain air. They are not scaled. The relative 
positions of these three transverse veins is of some im~ 
portance in the separation of species. Variations cannot 
be relied on implicitly for this purpose, as in some species 
the arrangement of the transverse veins varies consider- 
ably in different individuals. 

In a work of this nature it is not necessary to consider 
more than the identification of the commoner and more 
important genera into which the CulicidtB are divided. 
For full detaUs the reader is referred to the systematic 
works on the subject, particularly Mr. Theobald's "Mono- 
graph on the Culicidagj" and Colonel Giles' book on 
*' Mosquitoes." 

The ordinary methods of examination have been con* 
sidered, and the following synoptic table will enable the 
reader to differentiate the more important genera. 
All the Ciilicidm can be distinguished by the arrange- 
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ment of scales on the head, body and veins of the wing. 
Other insects wliich are often mistaken for them have 
either no scales on the wings or have the scales re- 
placed by hairs. In any case of doubt the arrangement 
of the wing venation will settle the question. 

There are two main subdivisions of the Culicid& 
based on the character ^of the mouth-parts, 

(i) Corethrina, in which the proboscis is not formed 
for piercing. These are easily distinguished from the 
true mosquitoes by the short proboscis. Probably they 
will not be long included in the Cidicidm. 

We are concerned here with the other great division 
{Culicina). In this, in addition to the wing venation 
and arrangement of scales on the head, body and wings 
already described, the proboscis is both a piercing and 
suctorial organ. 

In this di\'ision the characters of the palpi enable a 
subdivision to be made. 

Paljn. — In one group of genera the palpi arc long in 
both sexes ; the palpi in another group are short in 
both sexes; and in the third and largest group the palpi 
are short in the female and long in the male. In each 
of these groups of genera further subdivisions are made 
on account of other characteristics, those of the scales 
being the most important (figs, 87 and 91), 

It is far more common to find female mosquitoes th| 
males, and to get both it is often necessary to brec 
the mosquitoes from the eggs or lar\^se* It is therefore 
of practical importance to be able to distinguish the_ 
gaiera by the examination of females only. 

The following table will show how the genus of a sing 
female, belonging to any of the common or more im- 
portant genera, may be determined by the examinati(J 
of that insect. The characters of the wing and the pr^ 
sence of a proboscis formed for penetration w^U show 
that it is a true mosquito, and the non-plumose character 
of the antenna that it is a female. If the antennae 
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pJides female. 
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plumose it is a male, and some slight modificalicin in 
the use of the table would be reauired. 



Palpi Lonq in Female. 

As long as the proboscis- Upright fork scales 
and often narrow-curved scales on tbe 
head* Usually scales on the scutellum... 
In the male the palpi are the same length 
as the proboscis and clubbed at the tip. The 
Anophelina comprise, according to Mr. 
Theobald, ten main geifiera. Species belong^- 
ing to most of these have been shown to carry 
the parasites of human malaria, and they all 
have eggs and larv^ which, in the more 
essential points, resemble each other closely. 
{a) Thorax and (tbdomen covered wiih hairs only. 
Palpi noi denseiy scaled^ i, 2, 3 and 4. 
Mammilated proihoracic lobes. 

(i) Lanceolate wing scales, some flat 

head scales .., 

Prothoracic lobes simple. 

(2) Wing scales lanceolate, no head scales 

(3) Wtn^ scales mostly long and nan'ow 

(4) Inflated wing scales as well as lanceo- 
late scales,,.. ,.*„.,.....,.. 

(6) Thorax has narrow curved scales^ and abdomen 
hairs only, 

(5) Wing scales small, lanceolate or nar- 

rowed ,>. 

(<:) Tk&rax and abdomen have ventral scales^ and 
the palpi are densely scaled^ 6 and 7. 

(6) Scales are found on the venter only of 
the abdomen. Apical lateral scale 
tufts, no ventral tuft. Thoracic scales 
are hair-hke .....,»..,. ,,.. 

(7) Thorax with hair-like curved scales. 

Abdominal scales on venter only 
with a distinct ventral apical tuft. 

No lateral tufts ♦ , 

id) Thorax and abdomen tuHh dorsal scales^ 8, 9 
and fo. 

(8 J Abdominal scales as lateral tufts 
and dorsal patches. Thorax with 
narrow - curved or spindle - shaped 
scales...... 



Anopkeiina, ^ 



Stethmnyia, 

Anopheles, 
MyMomyia, ^ 

Cycloieppteron. d^ 



Pyretaffh^rus . 



Arribalsagim^ 
My^orkynckiis. M 



JVyssorhym/tus. i 
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( 9) Abdo m en n earl y com pi ete 1 y s cal ed w i th 
irregular scales and with lateral tufts Cellia. 

(10) Abdomen completely scaled as in 
Culex with flat scales Aldr^ia. 

F^cLlpi five-jolnied^ not as long' as the proboscis. 
Head covered with tile-shaped scales alone. 
Tile-shaped scales on scutellum. Proboscis 

bent. F i rst fork ce 11 very smal 1 Migarhinus. 

\ Palpi Short in Female, 

MetalhoraK (metanotum) with hairs ,,....,..... Wyeomyia^ 
Mctathorax with hairs and a few scales .....,.., Jobloiia. 

In the remaining genera the metanoium is 
nude, and therefore we must examine other 
parts for further differentiation of genera. 

Antenna very long. Second joint much longer 
than the succeeding ones. 

(a) Densely scaled Ddnocerites. 

The second aniennal joint is not markedly longer 
than the others. 

The characters of the scales on the wing 
veins enables a further separation of the genera. 

(i) Wing scales broad and asymmetrical Mansonia. 

(2) Wing scales inflated or pyriform, sym* 

m etri cal an d ofte n pa rtl-col ou red Muddus. 

Twisted upright scales are found in this 
genus on the head and thorax, 

(3) Wings clothed with thick elongated 
scales ending either diagonally or 
convexly, or more or less bluntly 
pointed Tmniorhynchiis. 

The scales on the wings are narrow and 
their free end is squared, not lanceolate, in 
the other genera to be considered. 

The scales on the legs aid in a further sub- 
division. 

Legs densely scaled ,, , Psorophora^ 

Legs uniformly clothed with flal scales. 
Subdivided into very important 
genera^ many of which include 
species which are known to carry 
diseases. The scales on the occiput, 
nape of neck, mesoihorax and scu- 
te] lum are the diagnostic points. 

^3 
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No Upright Fork Scales on Head ^des and Ura- 

notcsnicL^ 
In all these the palpi are short in the male 
as j|ell as in the female. In HcBmagos^s 
th^palpi are five-jointed. The speci- 
mens of this genus show brilliant metallic 
colours. 
yEdes, Palpi four-jointed. There are a small 
number of spindle scales in the middle of 
the occiput and spindle scales on the 
scutellum. 
UranotcBnia, Proboscis swollen at tip. Palpi 
two-jointed. First fork-cell minute. 
Upright Fork Scales on Head. 

Siegomyia, Culex^ &c. In these genera the 

palpi are long in the males. 
No spindle scales on occiput and tile-shaped 

scales on the scutellum Stegomyia and 

Armigeres, 
The Armigeres differ from Stegomyia in 
that the tarsi and abdomen are not banded. 
The palpi are pointed and there are no hair 
tufts on the male palpi. 

In addition to upright fork scales, narrow- 
curved scales in the middle of the occiput 
and on the scutellum, Culex. This genus 
will probably require further subdivision Culex.* 

This synopsis should enable the reader to distinguish 
the chief genera common in any part of the world. For 
distinction of species, size, colouring, and particularly the 
markings on the legs, thorax and wings, and slight modi- 
fications in the arrangement of the cross-veins of the 
wings, become important. With the Anophelina the 
markings on the posterior pair of legs are in some instances 
sufficient for the identification of species. 

The reader is warned not to be alarmed at the apparent 
magnitude of the subject. It is true that this table 
does not give all the genera, but on the other hand, many 
of the genera are of limited distribution, and in few 



* Many new genera have now been formed out of Culex and ^deSf vide 
«* Mono. Culicidae." Vol. iii. Theobald. 
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*^'ac!es will there be more than some thirty species of 
^o^quitoes, which caii readily be subdivided into their 
^s^ective genera ; and often the species can be easily 
^^aitified by reference to the standard books, if not they 
*- ^^mild be forwarded to England for identification. The 
*^^*^ateiir, for the distinction of species, wiU often be 
^>ach helped by examination of the eggs or larvee, as 
^se sometimes show more obvious differences than the 
^^ults. 

For fioU details systematic works on the CuUcidm 
■^liould be consulted. 

Mosquitoes can be mounted in Canada balsam^ but 
this renders the scales too transparent, and the non- 
scaled v^eins, particularly the cross-veins, are difiicult to 
make out. 

To mount in Canada balsam tlie insect should be 
placed on its back with the legs separated and the wings 
spread out, A small drop of thick Canada balsam is 
placed on a slide. The slide is then held in the hand 
so that the drop of Canada balsam is on the under sur- 
face and this is gently pressed against the thorax of the 
mosquito, and the mosquito adheres to it on lifting 
it- The slide should then be turned over so that the 
mosquito rests on it. The wings and legs should be 
arranged to taste and a drop of more fluid Canada 
balsam placed on the mosquito : as this flows over the 
mosquito it wiU cause the head appendages to spread 
out. A mosquito so arranged will keep indefinitely ; 
but to complete the process a glass ring should be 
cemented round the mosquito, and when firmly set the 
cell so formed should be filled with balsam and a cover* 
glass placed over. 

Mounted ui glycerine jelly the mosquito retains its 
natural colouring. The best method of mounting in 
glycerine jelly is to make a deep cell with a glass ring 
and slide. Lay the mosquito at the bottom and fill the 
cell with the jelly by placing in hot water. Place a 
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cover-glass over the jelly, taking care to avoid air bubbles. 
It is very difl&cult to arrange a mosquito in the jelly. 
Specimens mounted in this manner often have their legs 
interlaced. It is a useful method for mosquitoes which 
have been kept in spirit, as such mosquitoes are too 
brittle to stand any handling and cannot be pinned out. 
Specimens so moxmted should be ringed with some 
varnish as soon as the jelly is set — otherwise evaporation 
will take place and the jelly shrink, resulting in the 
formation of air bubbles. If this accident should happen 
the cover-glass must be removed from the jelly and fresh 
glycerine jelly added. This is easily done by dissolving 
off the cement and gently warming to melt the jelly. 
The cover-glass can then be removed and fresh jelly 
melted and added. The cover-glass is to be replaced 
and when the jelly has set cemented on. 



197 



CHAPTER IX. 
Dissection of Mosquitoes. 

Thb more important parts of a mosquito are easily 
Qtssected out. The internal anatomy of the mosquito 
's^not very complicated- 

Tlie alimentary canal is a tube with dilatations running 
*^orci the proboscis to the anus, which is terminal. The 
'^^ixth is suctorial and piercing and composed of the 
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FtG. 93. 

^ at Antennae ; ch clypeus ; Ixe^ labmrn epipharynx ; mn, mandibles ; 
^'f^t liypophaiynx ; mx^ maxiUse''; lat labium; mp, maxillary palps* lab, 

toU owing parts (hg. 93). Below is a deeply-grooved, 
Beshy labiumj this contains air tubes^ is covered with 
scales, and forms what appears to be the proboscis, as 
when the mosquito is at rest the other elements are con- 
tained in the groove. It terminates in two small jointed 
lobes — the label! iB. 
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Above is tlie labrum, with which is fused the pkatyr -* 
or epipharynx. This terminates in 3 sharp point. It 0-^ ] 
deeply grooved on the under surface. This groove is=^^^! 
by the apposition of the kypopharynx, converted int*^' 
a tube up which the blood is sucked ; this tube is con---'"^ 
tinuous with the cavity of the pumping organ. The*^| 
hypopharynx is a flattened chitinous rod terminating' 
in a sharp point ; it is strengthened in the middle by a 
ridge, and in this thickening is contained a minute tube, 





Fig. 94. 
a, Antennse ; d, cljpeus ; mp, majdllary palpa ; Ue, labnim epi- 
pharynx: wn, mandibles ; m;if, maxilla* 

the termination of the sahvary duct. Down this minute 
tube the saliva is ejected into the depths of the wound 
made by the proboscis* There are two pairs of piercmg 
organs, the mandibles and maxillae; both of these are 
thin strips of chitin with sharp cutting edges terminating 
in a lancet-like point. The cutthig edge may or may 
not be serrated. In most species the majdUse only have 
a serrated edge (fig, 94). 
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Of these elements the labium mainly acts as a sheath 
and protects the more delicate parts of the proboscis 
from injury. It does not penetrate the skin. The tip 
^3 applied firmly to the skin and in the angle between 
the two labellae all the other elements of the proboscis 
are thrust into the skin (fig. 95). No doubt it aids in 
penetration by keeping together and rendering more rigid 
the other elements, and as it is supplied by nerves aids 
in the selection of a suitable place for puncture. 
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Fig. 95< 

li, Labium ; U, label! a : he, labnim epipharynx : mx, maxillse ; mn^ 
mandibles. 

As the other elements penetrate the skin the labium 
becomes bent on itself, as depicted in the diagram. 

The penetrating elements form two tubes with the 
mandibles and maxillie at the sides. Up the superior 
tube formed by the groove of the epipharynx and the 
flat hypopharynx the blood is sucked, whilst the saliva 
is ejected through the small tube in the hypopharynx 

(fig- 96)- 
The main points in the anatomy of the proboscis 
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can be readily demonstrated. The hypopharynx ofte^ti 
closely adheres to the epipharjTix, so that it is the mo^ t 
difficult component to separate and identify. 

To demonstrate the two tubes formed by the appositiofc^^n 
of these elements, transverse sections of the probosa^s 
are requisite. From the tubes thus formed by the ej^^d- 
pharynx and hypopharynx the blood is conveyed ijifc=:.t> 
the pumping orgaUj which is composed of three chitinot^^^s 
plates, to which muscles are attached. This in tiic R 
forces the blood into a membranous tube which is cocr'^- 
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Fig* 9f\ 

lx€t Labnim epiplmrynx ; nin, mandibles ; hp^ hypopharytix : saf^ 
salivary duct ; if, trachea ; mus, musde ; mx, maxilla. 



tinuous with the commencement of the oesophagus - 

These parts also can only be satisfactorily demonstrated 

in sections. 

I The rest of the alimentary canal is best shown by 

dissections. 

Mosquitoes can be killed in many wajra. With those 
required for dissection no great precaution need be taken, 
as is it immaterial if the scales are knocked off. They 
can be killed with tobacco (cigarette) smoke, chloroform 
vapour, or stunned by concussion* 
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DissecHon of Alimentary CanaL — The mosquito should 

be caught in a test tube. This is done by placing 

the test tube slowly over a resting mosquito. If it is 

done rapidly the mosquito will take alarm and usually 

t'scape. It is important to so approach the mosquito 

that no shadow falls on it. By proceeding cautiously 

ifiosquitoes are readily caught in this way, and they then 

% to the dosed end of the tube. With practice nine or 

^en mosquitoes can be caught in this manner in one tube. 

Six clean slides and cover-glasses should be prepared, 

^^d on three of them a drop of normal saline should be 

Placed ; the other three should be left dry. Two sharp 

^^eiiles are also required. 

After killing or stunning the mosquito it should be 

'^^^Tisfixed through the thorax with a mounted needle 

^i^d the legs and wings pulled off and dropped on a 

^*^^^n dry slide. This can be easily done with the fingers, 

^"t there is no objection to the use of forceps. These 

'^^n be examined dry by covering with a cover-glass and 

f^^ing this with gummed paper, or they can be mounted 

^ ^^^ glycerine jelly or Canada balsam, 

H The mosquito, denuded of its limbs^ is placed in the 

■^^line solution on one of the slides. The posterior part 

^^^t the abdomen is gently flattened with the shaft of a 

^^edle and two nicks made, one on each side^ about the 

Ixanction of the second and third last segments (fig, 97). 

*this weakens the exoskeleton at that point so much 

Itihat when traction is made on the last segment the 
Exoskeleton breaks at that place. 
Traction is best exercised by fixing with the point of 
one needle the thorax and laying the other flat on the 
last segment and steadily dragging away from the head. 
In the space between the broken ends of the exoskele- 
ton a series of white strands will be seen — ^the intestine 
and Malpighian tubes. On further traction the stomach 
and part of the oesophagus will appear (fig. 98). 
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Fig. 97. 
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If the traction be continued from the end there is a 
risk that the stomach may break off. It is better to 
shift the needle from the posterior segments to the oeso- 
phagus at the point of emergence from the broken end 
of the abdomen and pull slightly obliquely on this so 
as to drag the rest of the oesophagus out of the abdomen 
and thorax. It should be covered with a cover-glass. 





Fig, 98. 



The stomach with its appendages can now be examined 
directly. The genital organs will be still attached to 
the terminal segments of the mosquito and can be 
examined at the same time. To show them completely 
it is better under the microscope to tear off the remainder 
of the exoskeleton of the last two segments. 
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The remainder of the mosquito should be placed m 
the drop of saline solution on one of the other slides 
for the dissection of the saJiv^ary glands. 

To dissect the salivary glands there are several methods^ 
The one described here is that which is most readily 
learnt and by which uniform results can be obtained 
fairly readily. It has the disadvantage that other tissues 
are present in the dissection and may conceal more or 
less of the lobes. 

The principle is to take as small a portion of the mos- 
quito as is possible with the certainty that the portion 
contains both salivary glands. 

The chitinous portion of this remnant which includes 
the bases of two pairs of legs is sufficient to conceal the 
glands ; it must therefore be broken up with the points 
of the needles into four or five fragments^ which shoiJd 
be about a quarter of an inch from each other. These 
fragments are of coui^e still in the saline solution. 

A cover-glass should be placed over the whole series 
of fragments and each portion should be compressed in 
turn with the point of the needle. The salivary glands 
will be squeezed out from under the portions of the 
exoskeleton in the great majority of instances. It is 
common to find a small portion of one lobe stiU covei 
by the exoskeleton. 

Another method is to squeeze the contents of the 
thorax out towards the head end of the thorax^ after 
cutting off the head^ when the salivary glands may be 
shot out uninjured. This method is uncertain, some 
of the lobes are often damaged, but when successful the 
glands are sometimes better displayed and have less 
surrounding tissues than the other method (fig. 99). 

The first method recommended here has the very 
decided disadvantage that the sativary glands are not 
isolated but surrounded by other tissues. For per- 
manent preparations it is not a good method as other 
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tissues are present. The glands do not dry quickly and 
become fixed to the slide as isolated glands do. 

For mere examination it is satisfactory, but when 
confidence has been acquired by this method, if per- 
maneat preparations are desired the salivary glands 
must be isolated. 
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Fig. 99. 

In the best method for isolation of the glands the 
head is not cut off^ but the back of the thorax is separated 
*^y a longitudinal incision. A sharp edge, such as is 
provided by a surgical needle or cataract .knife^ is better 
^ha^i ai^ ordinary needle. A second incision at right 
^*^gles to the first is made at the level of the second 
P^ir of legs. The head is now transfixed as near the 
^^ck as possible with one needle and the remnant of 
^He thorax fixed with another- On pulling on the head 
^*Xe salivary glands will be pulled out of their bed in the 
^^orax and can be seen attached to tiie head. Micro- 
^C:iopic examination under a low power objective is 
Accessary at this stage. A final cut will separate the 
^ead, and the salivary glands are left isolated (fig. 100). 
\i is not uncommon to find that the ends of some of the 
lobes have been left behind in the thorax or the glands 
fjtherwise damaged, but perfect specimens can be ob- 
tained in this way. 

The excess of salt solution should be removed with 
blotting paper, the specimen air-dried, fixed in alcohoL 
and stained on the slide. 
To show the relations of these parts and other struc- 
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tures in the mosquito serial sections are requisite. The 
mosquito can be cut imbedded either in celloidin or in 
paraffin wax. 





3 

Fig. ioo- 




To show Structure, young mosquitoes which have only 
been hatched for a few hours are best, and they should 
be placed ahve in spirit and hardened in absolute alcohol. 

With older mosquitoes it is better to puncture the 
thorax and abdomen with the point of a fine sharp knife 
or needle, so as to facilitate the entrance of the paraffin 
or celloidin- 

For sections to show the development of filaria celloidin 
should be used, as if paraifin be used, when the sections 
are cut the embryos may drop out. 

These methods were fully considered when dealing 
with methods of cutting sections (Chapter IL), 
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The points to be observed in the dissections are as 
follows : — 

At the commencement of the oesophagus are three 
diverticula of wliich one is much larger than the others. 
These diverticula usually contain air and sometimes food. 
They vary greatly in size. They are often pulled out 
of the thorax with the cesophagus, but to show them 
satisfactorily it is necessary to tear ofif the back of the 
thorax and break through the upper segments of the 
abdomen before exercising traction on the oesophagus . 
Bacteria in large numbers are found in these diverticula. 
The stomach is seen as a clear translucent expansion 
of the oesophagus. The ceOs lining the intestine appear 
to be polygonal, and the outlines can be clearly made 
out by using central light only. 

From the lower end just before the junction with the 
hind gut are seen the five Malpighian tubes, which are 
much more opaque and are lined by large nucleated 
cells, and these cells contain granules or droplets of 
refracting oily nature. The lumen of these diverticula 
is difficult to make out. 

The continuation of the intestine is a tube which is 
not straight — the hind gut or rectum. The cells vary in 
different parts of the tube and the variation differs in 
different species. Parasites of various kinds may be 
found. Examination with a high power^ one-twelfth 
inch, is necessary, as the youngest forms of the malaria 
parasite cannot be readily seen with lower powers, and 
therefore famiharity with the normal appearance of the 
cells of the mosquito's stomach with this power is 
essentiaL 

Some confusion may be caused by the air tubes which 
ramify over the surface of the stomach. These appear 
to be black when seen by transmitted light on account 
of the air they contain, but silvery white when seen 
by reflected light for the same reason. They can be 
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recognised by the spiral thickening and their repeated 
branching. 

The cells seen in the stomach form the epithelial 
lining of that organ. They are detached by pressure on 
the stomach. By making a nick in the side of the 
stomach and alternately floating up the cover-glass with 
water and abstracting it on the other side of the cover* 
glass with blotting paper, the detached epithelium can 
be removed- By repeating this process several times 
the epithelial lining can not only be detached but in 
great part washed away. This measure may be required 
to wash out the contents of the stomach, particularly 
when they are dark and opaque with altered blood. 
It is also necessary for satisfactory staining of malaria 
parasites in the wall of the stomach. 

When the epithelium is washed oot the stomach is 
reduced to a clear, transparent bag. Longitudinal and 
transverse markings are often seen in this and are indica- 
tions of the muscular bands. 

In a stomach with the epithelium thus removed the 
developed malaria parasites can be stained by running 
the stains under the cover-glass. Picrocarmine gives 
fair results. When sufficiently stained the excess of stain 
can be washed out in the same manner, and finally 
Farrant's solution run in to displace the water. 

The stomach with the epithelium intact can also be 
stained in this manner, but more uniform staining is 
obtained by removing the cover-glass and allowing the 
stomach to dry on the slide. It can then be fixed in 
alcohol and stained with any basic stain, and after 
washing, dehydrated in alcohol, cleared with xylol, and 
mounted in Canada balsam. By this method the de- 
veloped malarial parasites are not well shown, as they 
will not stand drying or dehydration without great 
distortion. 

The salivary glands can be mounted in the same way. 
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but in the Farrant's solution the ceUs wrinkle and poor 
results are obtained. Somewhat better results are ob- 
tained by removing extraneous tissues under the micro- 
scope and drying the slide in the air. The salivary 
glands can then be fixed, stained and mounted. In the 
fresh preparation the cells will be found to vary greatly, 
and they are often distended with refractOe droplets. 
These may be so numerous as to fill the cells or some of 
them. The cells in the middle lobe are smaller and often 
differ in appearance from those in the lateral lobes. 
The main duct has cubical epithelinm, which is continued 
for some distance down the lobules. In Anopheles the 
ends of the ducts in the lobules are dilated, whilst in most 
of the genera the ducts maintain the same calibre in 
their entire length. Occasionally a diverticulum is met 
with. This may be terminal, so that the lobule bifur- 
cates at the end, or it may be found in any other part. 
In Psorophora each gland has five lobes. 

At first there may be difficulty in finding these glands 
with a low power. The point to search for is the main 
duct and its trifurcation, as this is most readily seen 
even if the gland is embedded in muscular or other 
tissues. To see the character of the glandular cells 
in detail an oil immersion one-twelfth must be used, 
and the diaphragm nearly closed as the cells are very 
transparent, 

Sporozoa have been described in the ovaries of the 
mosquito, and we know that the pyrosoma of cattle is 
transmitted by an infected tick to its offspring. 

In the present state of our knowledge it is therefore 
advisable to study the internal genital organs of the 
mosquito to some extent. These are usually removed 
with the stomachj but in part are hidden by the exo- 
skeleton of the last two or three segments of the mos- 
quito which remain still attached to the stomach. This 
exoskeleton can be teased off with a pair of needles ; 

14 
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this can be done under a dissecting or other microscope 
with greater certainty of not at the same time injuring 
the genital organs. 

The female genital organs consist of a pair of ovaries 
opening into a common tube by the ovarian tubes. Into 
this common tube opens a mucous gland and also the 
sfennatheccB by a long narrow duct. The spermathecae 
are chitinous sacs and store up the spermatozoa received 
from the male. In this way by a single act of coitus 
by the male sufficient spermatozoa are stored up to 
enable many series of eggs to be fertilised. 

The male genital organs consist of two testicles joined 
by vasa deferentia to the ejaculatftry duct formed by 
their union. Just before this junction each vas deferens 
is connected by a short tube with a sac-like receptacle 
— the vesicula seminalis. 

The ejaculatory duct leads to a short fleshy penis 
situated between two internal claspers, internal gonapo- 
physes, and on each side of these are the large conspicuous 
external daspers. 

The spermatozoa are rounded bodies with a fiagellum. 
According to Giles they do not reach their fuU develop- 
ment in the male but in the spemiathecBe of the female. 
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CHAPTER X, 

Demonstration of Development of Malarja 
Parasites in Mosquitoes. 

In the freshly-shed blood we saw that forms of the 
parasites of malaria occurred which flagellated, and that 
forms differing little from these did not. However much 
the blood was altered by exposure to air, water^ or in 
the mosquito's stomach, a proportion of non-flagellating 
bodies was always present. Both those that flagellate 
and those that do not are the gamete or sexual forms 
of the parasite. They are only easily recognised in 
autumno-^stival fever (sub-tertian), where they appear 
as the crescent bodies. It is simpler to foUow the develop- 
ment in that species of parasite on this account, though 
the same changes occur in the other species of malaria. 

In the shed blood the crescents rapidly undergo changes 
if the blood be exposed to the air or moisture be added 
to it. If, on the other hand, air and moisture be ex- 
cluded no change occurs in the crescents tiU they die 
and break up. To exclnde the air a diop of vaseline is 
placed on the finger tip and the finger is pricked through 
it so that a drop of blood exudes into the centre of the 
oil. The oil and the contained drop of blood are trans* 
f erred to a slide and the whole compressed under a cover- 
glass. The blood can be watched indefinitely and no 
change will be found to occur in the crescents till they 
disintegrate. 

If, however, a drop of blood is taken up on a cover- 
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glass and exposed freely to air for two minutes and then 
placed on a slide, flagellating forms will rapidly appear 
and the crescents which do not flagellate — the females 
— ^will become round. 

Instead of freely exposing to air admixture with water 
leads to the same result. This can be conveniently done 
by breathing on the slide before placing the cover and 
drop of blood on it. 

In short, a change in the environment of the sexual 
forms of the parasites which does not kill them leads to 
transformations due to their becoming sexually active. 
The same changes take place in the stomach of the 
mosquito with greater certainty and rapidity. 

To demonstrate satisfactorily these changes it is 
necessary to have a fairly good crescent infection. As 
has been already seen, the flageUa from the males are 
actively motile^ and these are the sexually active agents 
which enter the female and fertilise it. The process is 
called conjugation, and the result is an actively motile 
body, the travelling vermicule. This travelling vermi- 
cule contains the pigment of the female crescent and is 
pointed at one end. 

In the stomach of a suitable mosquito — several species 
of Anopheles for human parasite and Cukx faiigans for 
proteosoma — the vermicule passes out of the stomach 
cavity and becomes encysted in the stomach wall, form- 
ing the zygote. About thirty-six hours after feeding on 
an infected person these encysted zygotes will be found 
and can be readily recognised by their pigment, which 
at this stage can be seen to be little changed from the 
pigment of the parasites from which they were derived. 
They are best seen in fresh specimens, but can be stained 
with any basic stain and seen after the epithelium has 
been removed from the stomach. The youngest forms 
are a little larger than a red blood corpuscle, but they 
rapidly increase in size, though at a rate varying with 
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the temperature of the air. At about 80^ F, they attain 
their full development in Anophel&s funestus m twelve 
days. 

With this increase in size there is, of course^ no increase 
in the pigment, as the zygote does not derive its nutri- 
ment from the blood. The pigment therefore is rela- 
tively scanty and absorption or solution of it must take 
place^ as it fiequently disappears completely. 

When fully grown the zygotes attain the size of 50 or 
60 fi. The growth of the parasites is entirely outwards 
into the body cavity of the mosquito and away from 
the lumen of the intestinal tube, so that when mature 
they appear to be globular excrescences stuck on to 
the stomach. 

The contents of the zygote first divide into a series 
of segments called blastopkores. These blastophores soon 
lose their smooth outline and have an irregular, shaggy 
appearance, which as they become more mature is seen 
to be due to the conversion of the outer part of the 
blastophore into a mass of filaments attached by one 
end to a small central residual mass. When quite 
mature these filaments break off and the cyst is then 
filled with these filaments, which are narrow bodies 
pointed at both ends and about 14 pt. in length. These 
bodies are known as zygotoblasts, blasts, sporozoitesj or 
exotospores. 

In the fresh specimens they can be seen only in speci- 
mens immersed in saline solution or in weak i per cent, 
formalin solution. 

To observe them the fresh dissected stomach in one 
of these solutions is covered with a cover-glass, and by 
gently moving this cover-glass with a needle the stomach 
can usually be rolled over a little so that one of the 
mature zygotes is seen in profile projecting from the 
edge of the stomach (fig. loi). Pressure with a needle on 
the cover-glass will now cause the rupture of the capsule 
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of the zygotes and the contents, the blasts or sporozoites 
will be poured into the surrounding saline solution and 
can then be examined. If quite mature the contents 
will be entirely composed of sporozoites with a few small 
round masses of residual protoplasm, and in some cases 
a few small grains of pigment that have escaped absorp- 
tion. 



. torn 



Fig. lor* 



If not quite mature some of the sporozoites will remain 
attached to the protoplasmic residue which formed the 
centre of the blastophore, forming a tangled mass round 
this centre. 
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If empty cysts are found attached to the stomach 
detached sporozoites will be found in the fluids from 
any part of the body of the mosquito, and in some of 
the cells in the salivary glands they will be found in 
large numbers. 

Even with a low power the invaded cells in the salivary 
gland can usually be detected, as they present a granular 
appearance, and with a high power oil immersion the 
individual sporozoites can be made out unless they are 
too numerous. In such a case by pressure on the cover- 
glass the cells may be ruptured and sporozoites will be 
poured out in a manner similar to that in which they 
were poured out on rupture of a mature zygote. 

The cells in the middle lobe of the salivary glands are 
the ones which most frequently contain sporozoites, and 
usually cells in the middle lobes of both glands are 
invaded, but they may be found in cells in any of the 
lobes. 

The demonstration of the development of Filatia 
nocturna in mosquitoes is even simpler. 

In the first twenty-four hours the filariae will be found 
living in the stomach and will be seen to be actively 
locomotive and to have cast their sheaths (ecdysis). 
Empty sheaths may also be found. Later the filariee 
wiU be found after the removal of the stomach by teasing 
out the muscular masses, especially those of the thorax. 
Normal saline solution should be used as pure water 
is apt to destroy the worms. 

By dissecting daily one or two of a number of mos- 
quitoes found to carry this filaria and fed at night on 
a person harbouring Filaria nocturna ^ every stage in 
the development can be traced. 

Filaria nocturna has been shown to be carried by 
several species of mosquitoes belonging to several genera ; 
Culex faiigans, Panoph'tes Africanus, Anopheles argyro- 
tarsis, and Afwphdes costalis are amongst these. 
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So far experiments with Stegomyia always fail because, 
though occasionally the filarise make their way into the 
muscles and become encysted, development is slow and 
incomplete and the embryos die and become absorbed. 
Anopheles funestus does not carry Filaria noctufna. 

Temperature has an important influence, and at low 
temperature, even with a suitable species of mosquito, 
no development takes place, and at intermediate teni- 
peratures development is much retarded. 

The points to observe are the alterations in size and 
shape^ the variations in mobility, and the formation of 
intestinal and other structures. 

The embryo as found at first in the muscles is exactly 
like the embryo freshly escaped from the sheath. It 
soon becomes less actively motile and thicker. The ex* 
treme tail of the worm does not become thicker, so that 
we soon have a body like an elongated sausage with a 
small thin tail. This tail retains its mobility longer 
than any other part of the worm. The embryo increases 
in length, an alimentary canal with a terminal mouth 
and subterminal anus is formed and the mobile tail 
disappears. At this stage only very sluggish occasional 
movements can be observed. The embryo continues to 
elongate and again becomes actively motile. At this 
stage the alimentary canal is complete and there are 
three small projections developed at the tip of the tail. 

The actively motile young filarise now escape from 
the muscles and passes towards the head of the mosquito 
and from there into the labium, where they can be found 
stretched out with their heads towards the tip of that 
organ* 

It will be remembered that the labium is the only 
part of the proboscis that does not penetrate the skin. 

For the young filariiE to obtain access to man it is 
therefore necessary that tliey must escape from the 
labium and find their own way down the puncture made 
by the other elements of the proboscis. 
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The most probable supposition as to the course taken 
is that the worms make their escape through the thin 
membrane stretched between the bases of the labella. 
This membrane is the weakest part of the labium and 
IS put on the stretch when the two labella are pushed 
against the skin and separated as the piercing elements 
of the proboscis are plunged into the skin. In the angle 
between the two diverging labellae the young worms 
would readily burst through this membrane and enter 
the hole made by the other parts of the proboscis^ or 
they might be pushed into the wound as they escaped 
with the piercmg elements of the proboscis. That the 
filarise escape from the labium in this way was surmised 
by Drs. Annett and Dutton^ and has been shown to be 
the case by Bancroft, 

The further development of the young filari^ in man 
is not known. At the last stage of development in the 
mosquito the worms are not only small but sexually 
immature. 

Further growth and impregnation of the female must 
take place in man before embryos are again formed, 
appear in the blood, and are in turn taken up by 
mosquitoes. 

It is obvious from the above that a patient harbour- 
ing adult filarise with embryos in his blood can not only 
cause infection of others but continued and repeated 
reinfection of himself. 

Another iilaria known to be carried by mosquitoes is 
Filaria immitis of dogs. This is a sheathless filarial 
embryo, but instead of passing through the walls of 
the stomach of the mosquito it passes up the lumen of 
the Malpighian tubes and there it further develops and 
passes through its non-motile stage. When the larvse 
again become motile they burst through the Malpighian 
tubes and work their way through the tissues of the 
mosquito to the head and enter the proboscis just as 
the yotmg Filaria Bancrofli does. 
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The demonstration of the development of the filaria 
is best done with fresh specimens of infected mosquitoes 
by teasing them out on a sHde in normal saline solution. 
Even the demonstration of the young worm in the pro- 
boscis can be done by breaking across the proboscis^ 
and the various changes in the motility of the embryo 
and young worm can only be demonstrated in this 
manner. 

Sections in celloidin are the best for permanent speci- 
mens, as the worms can then be seen in their proper 
position. 

Nothing is known of the mode of development of the 
other human filaria. Experiments with many species 
of mosquitoes have failed. Other blood-sucking insects 
may be the carriers or intermediate hosts, as is known 
to be the case with filarise of some of the lower animals. 

A large number of species of filarise have been described 
in birds. The intermediate hosts are unknown, and 
much information as to the possible methods of the 
propagation of filaria might be obtained by systematic 
experiments on some of these birds. 

Various protozoa, such as gregarines and sporozoa, have 
been found in mosquitoes or in their larvae* 

Bacilli swarm in the intestinal tubes of mosquitoes; 
they are particularly abundant in the air sacs or diver- 
ticula from the upper end of the oesophagus. Of diseases 
usually assumed to be bacterial, yellow fever has been 
shown to be carried by mosquitoes {Stegomyia fasciaia). 
The organism of this disease is not known, and though 
there is reason to believe that some development of the 
unknown organism takes place in the mosquito, nothing 
is known of the changes that take place. 

Dengue Fever. — It is stated that this disease is carried 
by mosquitoes. 
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The eggs of mosquitoes of different genera vary greatly. 
In most cases they are laid on the surface of water. A 
few species of mosquitoes will lay eggs in other situa- 
tions. Some of these, whilst in captivity, can be induced 
to lay on many damp surfaces — wet blotting paper, the 
cut surface of apples, potatoes and the like. Cuiex dor- 
salis and some at least of the Siegomyia lay eggs in this 
manner. 

Most of the species belonging to the restricted genus 
Culex lay their eggs in masses or rafts. Each individual 
egg has its long axis vertical or nearly so to the surface 
of the water, and as the lower end is slightly the larger 
the mass formed by the aggregation of these eggs rests 
with a convex surface downwards on the water 
and a concave surface upwards. The egg masses when 
first laid are white but soon darken^ usually to a black 
or dark brown colour, but in some species to a bright 
bronze. The individual eggs vary according to species. 
In all the upper end is plain, but the lower may be plain, 
spiked or ornamented w^ith a whorl. There is no definite 
operculum that can be seen in the unopened egg, but 
when the larva bursts through, the egg shell ruptures 
in a circular manner round the broad end of the egg, 
and the lid thus formed is pushed aside by the larva. 
When the eggs hatch the raft to a large extent breaks up. 

In Anopheles the eggs are quite different. They are 
never laid in rafts but deposited in little groups on the 
surface of the water. After a time when disturbed by 
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superficial currents m the water or in the air they become 
scattered and arranged in patterns whicli vary according 
to the nature and proximity of the sides of the vessel, 
or to floating bodies such as blades of grass, pieces of 
stick, &c. The eggs lie horizontally on the surface ol 
the water and are irregularly spindle-shaped with the 
upper surface flattened. They are covered with a thin 
reticulated membrane which is closely adherent to the 
upper and under surfaces, but thrown into loose folds 
at the sides so as to form a projecting ridge running 
a distance varying according to species towards both 
the pointed ends. This fold is strengthened by trans- 
verse thickenings and air is contained between the folds. 
The Anopheles^ egg, therefore^ has on each side an air 
chamber or float attached which prevents the egg from 
sinking. If the egg does sink, or if, when it has become 
adherent to the sides of a vessel, it is submerged it does 
not hatch, nor does it if once thoroughly dried. When 
the larv^a hatches the egg-shell splits obliquely towards 
the thicker end, and pushing aside the cap thus formed 
the larva makes its escape. 

The eggs of Stegomyia are also laid separately. They 
axe oval eggs and are covered completely with a reticu- 
lated membrane. No large air cells are present, but at 
first there is air in some of the small reticular spaces. 
The eggs may remain floating and hatch, but more fre- 
quently sink and hatch after remaining some hours or 
even days submerged. Culex dorsalis lays similar eggs, 
and such eggs are more resistant than those of most 
mosquitoes. 

The species of Panoplites most frequently observ^ed 
rarely lays eggs in captivity. The eggs are oval and 
projecting from one end have a long tube terminating 
in a slightly expanded, trumpet-shaped opening. 

The eggs of Psorophora are not unlike those of Siegomyia 
in shape but are rather more pointed. According to 
Dr, W. N. Berkeley they are *' prickly," 
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Eggs are best obtained by collecting adult female 
mosquitoes and keeping them in a small cylindrical 
vessel, a wide-necked 4-oz. bottle is suitable, containing 
water. It is well to have some twigs or fragments of 
grass floating on the water for the mosquitoes to rest 
on. The top of the vessel should be covered with mos- 
quito netting to allow air to have free access. They 
should be fed on blood as often as they will feed. 
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FfG, 102. 

a, Eggs of CuUx ; 6' h\ Eggs of Anophdes ; c, Egg of Stegomyia ; 
di Egg of AiJiU/J^'iliJ ; e, Kg% of Psorophora. 



Larvae can be obtained by keeping the eggs in water 
at a suitable temperature. When first hatched they are 
small and quite white, but they soon increase in size, 
and either in part or as a whole change colour. 

They are voracious and require abundance of food, 
but with many species of mosquitoes^ particularly with 
some of the Anopheles^ the water must not be putrid or 
peaty. 

A white, flat dish^ such as a half-plate or full-plate 
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photographic tray, is as good a breeding place as any. 
Some earth should be placed at the bottom, and it is 
well to place some grass with the roots and earth attached 
in two or three places, both along the edge and also 
towards the middle, so as to form at least one islet. The 
dish should be filled so that there is about three-quarters 
of an inch depth of water, and these dishes are best 
prepared a few days before the larvae are placed in them. 
A little of the '' green shme '' or other alg^ found grow- 
ing in fresh water should be added and a few grains of 
dry rice may be scattered about the bottom, Abtmdant 
food will thus be supplied, but the water must not be 
overstocked with vegetation, as if this decomposes the 
water will be unsuited for many larv^^. 

These dishes must not be kept in the dark, must be 
weU lighted, and are best exposed for short periods to 
direct sunlight if there is sufficient grass growing to 
provide shelter for the larvae. They must not be left 
long enough in the sunlight to warm the water. 

When pupae have formed they must not be exposed 
at all to direct sunlight. 

The water must not be overstocked with larvae as 
they are all at times carnivorous. The larv^^ should 
aU be about the same age, but may be of different species. 
Some large larvse wiU destroy the young of both their 
own and other species. 

The tops of the dishes should be covered to prevent 
the entrance of dust, a plate of glass, or better, a larger 
glass dish inverted over the dish, will suffice, 

Lar\^^ can either be raised from the eggs or caught 
from natural waters by scooping up the water in any 
receptacle. Where large numbers of larvae are required 
any receptacle from a bucket downwards will do, but 
where larv^ae are scanty they are best caught by using 
a dippen An ordinary white enamelled coffee-cup serves 
the purpose well, but in some situations a longer handle 
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is better and this can be fitted on to the cup, or a soup 
ladle may be used. 

Some larvsE are most numerous at the edges of pools 
or streams in the shady places. In using the dipper 
the open mouth should be turned towards the bank 
and plunged in inclined so that the water from the edge 
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Fig. 104. 



rushes in, Tlie dipper should, as soon as the rush of 
water has ceased, be turned upright and removed from 
the pool. It should be allowed to stand for a few minutes 
till the mud has settled and then examined. A hand- 
lens is useful as the very young larvse can easily be 
overlooked. (Figs. 103 and 104.) 
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In obtaining the specimen care must be taken not to 
disturb the water in any way before using the dipper, 
as larvae readily take the alarm and dart to the bottom. 

In shallow pools and small puddles larv^ can be 
readily seen by looking rather obhquely at the undis- 
turbed surface of the water. When they occur in such 
situations they are usually numerous. In running water 
and in larger masses of water they can rarely be seen 
in this manner, and unless a dipper is used will be over* 
looked. In such situations it is not common to find 
them in large numbers in any small surface of water, 
and consequently the dipper may have to be used fre- 
quently to demonstrate their presence. Though in any 
small area of water examined they may be scanty the 
total areas of this class of breeding place is so great 
that these places are of the highest practical importance* 

Some species of mosquitoes are more easily found as 
larvae because the adults do not frequent human habita- 
tions. During certain seasons, particularly cold and 
dry seasons, larvae of all species will be found more 
readily than adults. 

In making collections of mosquitoes it is well both 
to breed from adults collected in as many different 
classes of place, houses, cattle-sheds, grass and forest, 
as possible, and also to rear adults from larva or eggs 
found in still and running waters, natural pools, small 
and large, and also in artificial collections of water. 

No water, even that in cess-pits, is too foul for some 
species, whilst others will not breed in water that Euro- 
peans consider ht to drink. 

The pupae are found in the same situations as the 
larvae; they appear as small black objects which are 
usually motionless unless disturbed. 

The larvae and pupae can be transferred from the 
dipper to a wide-mouthed bottle for carriage. Both 
larvse and pupse are easily destroyed if the water is kept 
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in motion, as they do not rest on the surface sufficiently 
long for proper respiration. If it is necessary to carry 
them for long distances it is well to make frequent halts 
every half hour to an hour and place the bottle contain- 
ing the larvse upright in a shady place for a quarter of 
an hour or so. 

Anaiomy of Larva and Pupa. — The larva is divided 
into three regions — the head, thorax and abdomen. The 
abdomen is segmented and there are nine segments. 
The larvae vary in colour in difierent species, but even 
in the same species variations occur according to the 
degree of exposure to light and the nature of the food. 
In the more transparent larvae the colour of the intes- 
tinaJ contents, green or brown, is more obvious than 
that of the larva itself. 

The head is a rounded mass joined to the thorax by 
a narrow neck. It is covered with chitinous plates to 
a large extent, particularly on the dorsal surface. There 
are a pair of compound eyes and also a pair of simple 
eyes. The appendages are the antenna, mandibles and 
maxilla, and there are also numerous hairs or bristles. 

The thorax has attached on each side bunches of 
bristles which probably serve as balancers. 

The abdomen. The anterior segments at the posterior 
edges of the lateral surface carry similar bristles. The 
eighth segment is marked by the termination of the 
respiratory tubes either on the surface or in chitinous 
tubular projections jointed on to the upper surface of 
this segment. This projection is known as the respira- 
tory syphon. The ninth and last segment is smaller 
and more cylindrical, and at the posterior end the in- 
testine terminates at the anus; surrounding it are four 
long papillae each containing a branching trachea. These 
papillae are in movement in life and may be much re- 
tracted. There are long hairs usually in tufts arranged 
on the ninth segment. The arrangement of these varies 
15 
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considerably in different species, and the description of 
any larva should contam an account of the arrangement 
of these hairs. 

The alimentary system of the larva consists of a tube, 
apparently structureless and of uniform calibre, running 
from the mouth to the anus. In the more fully-grown 
specimens this tube is seen to be contained inside the 
intestine arranged as in the adult. In the space between 
IS clear fluid not containing any food particles. The 
Malpighian tubes and other appendages of the alimentary 
canal of the adult are present at this stage. 

The intestinal system including the inner tube con- 
taining the food and the outer tube and appendages can 
be pulled out of the larval case in a manner similar to 
that by which the intestine is removed from the adult, 
but it is more easily done by extraction through the 
anterior part of the larva than from the tail. 

One species of gregarine passes the stage of encyst- 
ment in larval mosquitoes. These gregarines pass up 
the Malpighian tubes of the larva and there become 
encysted. The cysts rupture during the pupal stage 
and the young gregarines pass into the alimentary canal 
of the pupa or young imago, and are passed out with 
the first excrement voided by the imago. 

The space between the temporary and permanent 
intestine also contains as well as these gregarines numer- 
ous micro-organisms, and the possibility that organisms 
of certain species may be taken up by larvae and develop 
or be conveyed by adults is one of the many points in 
connection with insects that might repay investigation. 

The respiratory system of the larva is comparatively 
simple. At the end of the respiratory syphon, if there 
be one, or from the dorsal surface of the eighth abdominal 
segment, are the openings leading into the two main 
tracheae^ which pass up the abdomen giving ofi branches 
to each segment and inosculating freely in the thorax. 
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They send off branches to the various parts here and to 
the head. The character of the commencement of the 
respiratory tubes is of great importance in the deter- 
mination of genera and species. 

The duration of the larval stage varies greatly, scarcity 
of food and low temperature both retard the development. 

The length of life possible depends on the species. 
The larvae of some mosquitoes can survive the whole of 
the English winter, though very little development takes 
place. The larvae of other species under circumstances 
unfavourable for development do not keep ahve for 
more than a few weeks. 

The larvae of mosquitoes which are able to keep alive 
under circumstances such as cold unfavourable for their 
development are said to hibernate as larvae. 

The Pupa. — ^When the larva has reached its full stage 
of development the thorax becomes swollen, casts its 
cuticle with all the appendages, and becomes a pupa. 
The organs are already formed. 

The pupa differs most materially from the larva in 
that there is no longer a mouth opening externally, 
and the respiration is conducted through two tubular 
openings arising on each side of the compound head 
and thorax. The change in appearance is great, the 
head and thorax are fused and the only external append-- 
ages are the two respiratory tubes. The abdomen is 
still segmented and is usually curved, so that the termina- 
tion is under the compound thorax. It terminates in 
two large fins. 

The pupal stage is a comparatively short one. There 
is no possibihty of feeding and the pupa remains quietj 
breathing through the respiratory tubes unless disturbed, 
whilst the more complete development of the imago 
takes place within its sheath. The duration of the pupal 
stage is affected by the temperature, but is usually from 
two to five days. The pupa of some species will not 
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remain alive longer than a few days if the conditions are 
not favourable for development. 

In the examination of eggs, larv® and pupae, the points 
to be observed are as follows : — 

Eggs. — (i) The size, shape, colonr. {2) The manner 
in which the eggs are arranged and where deposited. 
(3) The character of any thickenings or other external 
markings. (4) The length of time required under stated 
conditions^ temperature and so on, between the deposi- 
tion of the eggs and the hatching of the larvae, and any 
variations noted with variations of conditions. (5) The 
effect of desiccation, immersion and temperature on the 
vitality of the eggs. 

Larva.— In the larv^a the relative sizes and shapes of 
the different divisions— head, thorax and abdomen. The 
character of the head appendages, the antennae, mouth 
apparatus, &c. Any marked colouring. Much work has 
been done on the differences in the appendages of the 
head of Anopheles larv^, and it has been shown that the 
differences are so marked in their arrangement that many 
of the species can be distinguished as larvae. 

In the thorax the character of the lateral hairs and 
any characteristic markings must be noted. 

In the abdomen the points of greatest importance 
are the appendages on the eighth and ninth segments* 
The presence or absence of a respiratory syphon attached 
to the eighth segment is one of the most important 
generic differences. Where present it varies in length 
and shape in different genera. In different species it 
varies in colour and in the distribution of colour so 
markedly that it is often easier to distinguish between 
different species by the character of the syphon than it 
is to distinguish between the adults. With the differ- 
ences in length or to the absence of the spyhon are 
associated varying positions of larvae. 

The arrangement of bristles and hairs on the eighth! 
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and ninth segments present marked differences in the 
different species. In Anopheles on the other segments, 
in addition to the lateral hairs there is on each side 
a row of stellate or palmate hairs. These are nearer 
the middle line than the simple bristles, and the stellate 
portion forms a kind of cup, This adheres to the surface 
film of the water and aids the larva in maintaining its 
horizontal position. 

Colouring of larvae is of less importance, as in some 
species the colour may vary from yellow to green, brown, 
or even black. In others variations are comparatively 
smallj these are usually dark under all circumstances. 

In noting the colour any conspicuous markings must 
be mentioned, the conditions under which the larva was 
grown, and whether or not change of conditions surh 
as greater light, different food, &c., results in a change 
of colour. 

The nature of the food can be determined by the 
examination of the contents of the intestine or by watch- 
ing the larvse feed in water containing a mixture of 
natural foods. It will be found to vary. The kind of 
food on which they thrive best should be noted. 

The duration of the larval stage under as many diver&e 
conditions as possible, including exposure to light, heat, 
and cold, and any observations as to the conditions pre- 
disposing to death or leading to an undue proportion of 
males in the imagines, should be noted. 

The natural enemies of the mosquito larvae, fish, larvs 
of other insects, &c., are of great importance. Where 
possible the species should be determined. If the larvse 
are caught as larvae and not reared from eggs particular 
care should be taken to observe the nature of the places 
in which the larv^ were found. 

Breeding Places. — It is convenient to divide these 
into permanent waters such as ^vill withstand a con- 
siderable period of rainless weather, and temporary waters 
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which require frequent renewal. They may be natural 
or artificial. Of permanent waters, rivers, large ponds 
and the edges of lakes under certain conditions are of 
the utmost importance. In such situations the larvae 
are usually widely scattered, and without the repeated 
routine use of a dipper such places, often the most im- 
portant, are usually overlooked. 

The conditions favourable are the growth of grasses, 
reeds or sedges in the water. These growths check the 
stream, provide food, and protect to some extent the 
larvae from their natural enemies. 

There are two main classes of growths important : — 



Fig. 105. 



(i) Those growing from the bed of the river or lake, 
in the shallows and on shelving banks. The height of 
the water greatly affects the area suitable. The taller 
and thicker sedges are not so suitable as the lower and 
thinner ones, probably on account of the absence of 
light and too great stagnation of the water (fig. 105). 

(2) Those growing from floating masses of roots and 
attached to the eartli only near the edge of the river. 
The raft formed by the closely-interlaced roots is sub- 
merged by the weight of the grass growing in the air, and 
in the shallow water lying above this raft of roots Ano- 
pheles larvse breed freely. No alteration in the level of 
the water makes any material difference to this, a com- 
mon class of breeding place (fig. 106). In flood times 
islets of this floating grass are torn off and carried down 
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the stream, carrying with them larvs, and in this mannei 
they may be carried long distances down the river. It 
is not improbable that the cutting of the sudd in the 
Nile may result in larvse of mosquitoes at present un- 
known in Egypt being introduced there. 

Rivers are dangerous when variations in level are not 
too great or too rapid. Such streams as have a constant 
supply independent directly of the rainfall are particu- 
larly dangerous. Such sources are the melting of the 
snow from snow-covered mountains and the effluents of 
large lakes. 




Fig. J06. 



Springs which often arise on the slopes of hUls are 
other important permanent breeding places. These 
usually commence as a small pool with a surrounding 
swampy area. The grasses round are often of different 
species or grow more luxuiiantly than elsewhere, and 
these places can therefore usually be identified with ease. 

The streams arising from such springs are not of much 
importance during heavy rains, but when the water 
supply is diminished J wherever the streams spread into 
swampy areas, or form pools fringed with vegetation, 
or in back waters, larvae are usually to be found with 
the aid of the dipper. In some of these situations they 
are carried by the stream from the springs or other 
breeding places. In others the eggs may be deposited 
and hatch in the place in which the larvae are found. 
Amongst the easiest places to find larv^ are the poob 
left in the bed of such a stream when the spring com- 
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mences to dry up, particularly if a small current con* 
nects the pools and keeps the watei fresh. Some springs 
will dry up after a month^s dry weather, others in three 
or four months, but some are usually permanent though 
the water may be scanty from one wet season to another. 

Swamps unless kept supplied by fresh water are not 
suitable breeding places for some species. For other 
species they are suitable provided the vegetation is not 
too rank. 

A high-level subsoil water may lead to formation ot 
natural permanent pools. On the sandy shores of great 
lakes the sand is usually thrown up into a ridge with a 
hoUow behind it, and in this hollow as long as the lake 
level is high water wiU be present and forms a suitable 
breeding place. As the lake level reaches its greatest 
height at the end of the wet season and very slowly 
falls in the dry season, these pools may persist in the 
vicinity of such lakes for some months after the rains 
have ceased. 

Temporary Breeding Places are of many different 
classes. Almost any hollow or hole that will contain 
water is a suitable breeding place during continuous 
rains. If the rain be intermittent only such places as 
can retain water during the periods of intermission are 
suitable. Such places require a frequent and heavy 
rainfall and an impervious soil, and are not often found 
except under these conditions. The " Anopheles' pool '' 
most often described belongs to this somewhat excep- 
tional class. 

A place that is frequently flushed is not a suitable 
breeding ground, but irrigation trenches or natural 
hollows are good breeding places if the area of the 
trenches is such that the water supplying it is insuffi- 
cient to flush it in its whole extent. 

Artificial Breeding Places. —Bottow pits at the sides 
of railway embankments, the trenches so often made 
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in the course of road-making, and hollows or furrows 
made in native and other gardens, are common breeding 
places of Anopheles and some other mosquitoes. A liigh 
level of the subsoil water is necessary for these places 
to be of importance. 

Irrigation systems where the water supply is continuous 
but insufificient to flush are important places. In any 
case, even with a well-designed system, if the source of 
the water be from a natural breeding place larvae will 
be conveyed all over the irrigation system. 

Instances occur in which lar\^ae are conveyed for over 
a mile by such a trench from a natural permanent breed- 
ing place to a European settlement. 

Obstructions in the course of a stream, such as Irish 
crossings, dams, &c., may convert an inferior natural 
breeding ground into an excellent one. 

Broken bottles, water butts, empty tins and any 
artificial receptacle that will hold water are preferential 
breeding places for some species of mosquitoes, particu- 
larly those belonging to the genus Stegomyia, 

Wells in many places do not seem to be breeding 
places, but in other places they certainly are. 

On the whole, artificial breeding places are usually the 
work of Europeans, and the worker in the Tropics has 
rarely to go beyond his own grounds to find larvae of 
several species of mosquitoes. 

Too little attention has been paid to the breeding 
places of different species. We know that great dif- 
ferences occur in the preferential 'breeding places of 
different species as of different genera, but little exact 
work has been done on the subject. 

For exact descriptions of the larva of one species 
which might serve as an example the reader is referred 
to the articles on Anopheles maculipennis^ by Nut tall 
and others, in the first volume of the Journal of Hygiene. 

The Pupm differ less from each other than the larvae, 
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and many insects form pupc^ that are not unlike those 
of the CulicidcB. The greatest differences are to be 
observed in the respiratory tubes. In all the Culicidm 
they are simple tubes with one opening. In the Ano- 
pheles the opening of the tube is a wide, expanded, 
trumpet-shaped one ; in the Culex, Siegomyia, &c,, the 
opening is more of a slit and the termination is little 
extended. In Panoplites, according to Dr. Low, the 
tubes are very long and slightly bent forward. In the 
different species there are variations in the size of the 
pupa and in the colour. The majority are, after ex- 
posure to light, brown or black, though when first formed 
they are yellow- A few are green, though most of these 
become dark before maturity. 

To hatch the pupcc all that is required Is that they 
should not be disturbed and that they should be kept 
in clean water. No food is needed. They should be 
kept in a half light. 

Carnage of Mosquitoes. — Mosquitoes may be carried 
in any stage of their existence. As eggs they are not 
very easy to carry, as those that float are often washed 
on to the sides of the vessel and there are dried and 
killed. Eggs like Stegomyiay which sink and are not 
injured by immersion, are eosily carried, and it is probably 
owing to this that this mosquito or its larvc-^ are so often 
found on board ship. 

The carriage of larv^se we have already dealt with, 
For the development of many light is a necessity, and 
consequently such species, including many, if not all, 
the Anopheles, that require light are not carried far by 
sea, as most of the fresh water is necessarily in closed 
casks or other dark receptacles. 

The adult mosquitoes must be carefully carried as 
they are easily injured by rough handling or bruising. 
On the whole glass vessels should be avoided because 
of the hard surface of the glass. Mosquitoes cannot 
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fhold on to it* If grass or other substances be placed 
in the glass vessel water of condensation is often de- 
posited on the glass and the mosquitoes adhere by the 
wings to this wet surface and speedily die. 
If glass vessels^ test tubes, &c., are used, the mos- 
quitoes must be carried very carefully, and on no account 
must water be placed in the vessel or grass or other 
substance containing moisture. 
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Fic. 107. 

A light cage covered with mosquito netting is as good 
an arrangement as any, though at a pinch a small box 
covered with netting on the open side wiU work satis- 
factorily. 

The box designed by Dr. Sambon and contaming four 
compartments, each containing a cylindrical wire cage 
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covered with netting, is an excellent one {fig. 107), It 
was in such cages that infected mosquitoes were sent 
from Italy to the London School of Tropical Medicine 
for the well-known infection experiments, which resulted 
in the practical demonstration that mosquitoes infected 
with the malaria parasite could infect men in a country 
where there was no other possibility of acquiring an 
infection. 



'ill 



Fig. 108. 



Adult mosquitoes can be kept in test tubes or wide- 
necked bottles covered with fine gauze or mosquito 
netting, A little water should be placed at the bottom 
and some resting place, such as a piece of stick, twig of 
grass or folded card placed above the water. 

Many mosquitoes will feed readily through the netting, 
others will not though they feed readily in a larger space. 

Mosquitoes thrive better if kept in a larger space. 
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The box slightly modified from Dr. Sambon*s cage is 
very convenient for tliis purpose. The front is com- 
posed of glass in two pieces for convenience in packing, 
whilst the ends are of fine wire gauze to allow the entrance 
of air. The hole in the centre of this gauze is covered 
by cotton sleeves. These are convenient for the intro- 
duction of an arm for feeding experiments. Through 
these holes the hand and test tube can be introduced 
when we wish to catch a mosquito. The pieces of 
glass forming the face of the box slide in a groove and 
can be removed when required (fig, 108). 

Ripe fruit, such as apples, dates and bananas, serves as 
food for mosquitoes, but some will not lay eggs unless 
supplied with blood. As substitutes for fruit, sugar, 
s]nnips or jams will serve. Some species^ Stegomyia for 
example, are easy to keep in captivity and can be kept 
alive for months ; others will die in a few days. 

Ants of many kinds are very destructive to mosquitoes, 
particularly when these are confined in small spaces. 
To avoid this the mosquito cage should be placed on 
legs, each of which rests in a small tin containing kero- 
sine. 
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CHAPTER XIL 
Pigment Deposits and Degenerations in Tissues. 



The pigment deposits are in the main those derived 
from altered haemoglobin. Of these the most important 
is melanin, the residue from the digestion of the red 
corpuscles by the parasites of malaria. This pigment 
is taken up by the leucocytes and other phagocytic cells 
and deposited in various parts of the body. 

As seen in the interior of a parasite it is usually finely 
divided and varies in colour according to the species 
of parasite. In the large masses which are found in the 
tissues it is black with a slight greenish tinge. It is 
insoluble in acids, in alcohol and in ether, but is readily 
dissolved by alkalies. It is very stable and is not des- 
troyed by putrefaction. In solution in alkalies it has a 
distinctly greenish tinge, but shows no characteristic 
bands when examined with the spectroscope. From this 
solution it can be precipitated by the addition of acids, 
and by repeated solution in alkaline fluids and precipi- 
tation with acids, can be isolated in an impure condition. 
Analysis shows that it is very rich in iron, more so than 
hsemoglobin or any of the other haemoglobin derivatives. 
The iron is in firm organic combination, and does not 
give the inorganic iron reactions. After frequent pre- 
cipitations it becomes brown in colour and the same 
brownish tinge can be observed in pigment left in certahi 
organs as a result of old malarial invasion. 

Melanin in an acute attack of malaria is found (a) 
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in parasiteSj {b) in leucocytes, and (c) in certain cells of 
the connective tissue type in the liv^er, in the parenchy- 
matous ceOs in the spleen, and occasionally in the nuclei 
of the endothelium of the capillaries in various parts 
of the body, such as the brain, liver, suprarenals, &c. 
In an invasion of short duration the only pigment found 
is in small granules, often no larger than those set free 
after the breaking up of a sporulating body* At tiiis 
stage the ccUs containing the pigment stain normally 
and do not differ in appearance from other cells of the 
same type which do not contain pigment. 

Where deatli occurs some little time after the termina- 
tion of malaria the distribution of the melanin deposits 
is much more limited. It will not be found in the red 
corpuscles as there are no parasites, nor in the leuco- 
cytes or endothelial cells, but will be restricted to the 
connective tissue ceUs in the liver and the parenchyma 
of the spleen. The pigment itself is now aggregated 
into larger masses, though these may be seen to be com- 
posed of separate granules. The ceUs stain faintly with 
ordinary stains and often appear to be shrunken or dis- 
torted. If examined still later the pigment will only 
be found in blocks or masses, and the cells containing 
these blocks will not take basic stains, and appear merely 
as an outline round the pigment masses, some of which 
appear to be free. The change to a brownish colour, 
particularly at the edges of such masses, is sometimes 
to be noted. 

Later^ even months or years alter the malarial attack, 
pigment may be found. If present it will be imbedded 
in the fibrous stroma and no trace of the cells will be 
seen. At this stage the spleen is usually the only organ 
in which the pigment will be found. 

A consideration of these changes will show that the 
date of a malarial invasion or invasions can be inferred 
from the melanin deposits in the organs if the state of 
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division of the pigment, the staining reactions of the 
cells containing the pigment, and the situation of the 
pigment be observed. 

It will not be concluded because no pigment is present 
that there has not been antecedent malaria. We have 
proof that pigment is rapidly removed from all organs 
but the liver and spleen (and occasionally the Ijmiphatic 
glands), and also that it may be removed from either 
the liver or spleen. In all recent attacks both organs 
contain pigment ; after a longer interval it may be pre- 
sent in the spleen only, or more rarely in the liver only. 

In the older cases where malarial infections have not 
occurred for a prolonged period the amount of melanin 
found is usually small. In some cases even a few weeks 
after an attack of malaria the amount of melanin is 
so small that careful search is required to reveal it. 

It seems probable that as long as the pigment is con- 
tained in h\'ing cells it is fairly readily removed. 

In many cases there is evidence that the pigment 
(melanin) deposited is the result of several distinct attacks, 
as in the same specimen finely-divided pigment in cells 
which stain normal!}', coarse pigment in cells that stain 
poorly* blocks of pigment with no traces of a containing 
cell, and pigment in between strands of fibrous tissue 
can all be seen* 

Melanin is the only pigment which is characteristic 
of malaria. 

Another pigmentary deposit of a bright yellow colour 
is often foimd in the organs in cases of malaria, but this 
is also found in pernicious anaemia, in the anaemia of 
ankylostomiasis, and in other cases where haemolysis 
or blood destruction has taken place. 

This yellow pigment differs from melanin not only in 
colour but in that it is insoluble in alkali as well as 
in acid. It appears to be slightly soluble in alcohol. 
Whether or not it contains iron is difficult to ascertain. 
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as it is frequently associated with other substances con- 
taining iron in loose combination. When found alone 
it usually does not give the reactions for inorganic iron. 

This yellow pigment is found in the hepatic cells, in 
the secreting cells of the kidney, particularly in the first 
part of the convoluted tubules, and in the spleen. 

It is evidence of blood destruction from any cause, 
whether acute, as in blackwater fever^ or chronic^ as in 
pernicious aneemia or ankylostomiasis. 

Both these pigment deposits can be observed without 
cutting sections by making *' squash " preparations of 
tissues of the organs, but the arrangement is better 
shown in sections. 

To merely detect the pigment no stain is needed, but 
to show the character of the cells containing the pigment 
it is well to stain lightly. Haematoxylin gives good 
results, but a better stain is carmine, as both the melanin 
and the yellow pigment stand out better against the 
red background. Thionin should not be used as it has 
an affinity for these pigments or the protoplasm sur- 
rounding them. 

In many cases granules that contain iron in a condi* 
tion to react to the usual tests for inorganic iron are 
associated with the yellow pigment* Ammonia sul- 
phide is sometimes used as the test for the demonstra- 
tion of inorganic iron, but has the disadvantage that 
the brown sulphide of iron deposited- can be confused 
with malarial pigment. A better reagent is ferrocyanide 
of potassium in an acid solution as the blue ferrocyanide 
of iron is characteristic and causes no confusion. 

The section should be first treated with a 2^ per cent. 
aqueous solution of potassium ferrocyanide for five 
minutes and then with a i per cent, solution of hydro- 
chloric acid in glycerine. This acid glycerine should be 
shghtly warmed, and must be left on till the blue colour 
is quite distinct. If the blue colour only shows faintly 
16 
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the'specimen can be replaced^m^the ferrocyanide solution 
and again treated with acid glycerine. The specimen 
can then be washed in water^ dehydrated in alcohol, 
cleared in xylol, and mounted in balsam. 

It is important that the sections should not be touched 
with iron after they are cut, so that they must not be 
Hfted with a needle, as in any place touched with iron 
there may be a deposit of the blue ferrocyanide of iron. 

Loosely combined iron will be sho^vn blue, whilst the 
melanin in which the iron is in firm combination will 
remain black. The yellow pigment may be in part 
turned blue or may be unaltered. The outhnes of the 
cells can generally be seen and counter-staining is not 
necessary, but weak carmine solutions can be used if 
it is desired. 

The iron may be diffused throughout the cells or may 
be found in granules either alone or mixed with yellow 
pigment. 

The relationship of these ferruginous granules to the 
yellow pigment is not definitely known. In the most 
acute haemolytic processes, such as in blackwater fever, 
both are present and the iron-bearing granules are the 
most numerous. In the most chronic forms, such as 
some cases of ankylostomiasis, yellow pigment alone will 
be found. 

The balance of evidence is in favour of the view that 
ferruginous granules are evidence of active and recent 
hsemolysisj whilst the yellow pigment is a more permanent \ 
substance and though formed as a result of acute hemo- 
lysis IS, when in considerable amount, evidence rather] 
of a prolonged chronic haemolysis. 

Some authorities hold other views and consider that J 
the yellow pigment when old gives the iron reaction. 

The important point is that both these substances 
are proof of blood destruction, they are not evidence 
of malaria although often found in cases of malaria, j 
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They are evidence of the generEd blood destruction that 
may be caused by the parasites of malaria as well as by 
other organisms. 

In the vicinity of certain skin lesions there may be 
considerable disturbance in the normal arrangement of 
the pigment, so that instead of being deposited only in 
the deeper layers of the epidermis it is scattered not 
oQly in the superfici^ layers of the epidermis but also 
in the subcuticular connective tissues. 

The disturbance of the arrangement of /pigment is 
most conspicuous in growths of the granulomatous group, 
including lichen hypertrophicus. 

Pigment is normally present in the skin and it is com- 
mon to find pigment in the mucous membranes, particu- 
larly of the mouth in the coloured races. Such pigment 
js generally found in patches in the mucous membrane 
of the tongue, cheeks, or gums. It has no connection 
with malaria or other disease, but is more conspicuous 
in cases of advanced auEemia, as the pigmented patches 
then stand out more markedly against the general white 
background. 

The normal pigmentation of the pia mater has been 
already alluded to. 

The pigment in all these cases is much less soluble in 
alkaline solutions than the melanin of malaria. Pigmen- 
tation of the skin as a result of Addison's disease is 
also weU known. 

In melanotic sarcoma, black or brown pigment is also 
deposited in the growth. 

Degeneration. — Cells exposed to various influences 
undergo degenerative processes. Death or necrosis of 
ceUs may take place, and in such cases the cell ceases to 
stain normally, so that instead of taking up basic stains 
it stains with acid stains, or feebly with both acid and 
basic stains. The nuclei break up and lose their char- 
acteristic staining reactions and the whole cell may 
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disintegrate and be converted into granular debris, or 
" caseation may take place in which a mass of celk is 
replaced by granular fatty material. This may calcify*" 

Where the morbid influences are insofficient to cause 
cellular deathj changes occur in the protoplasm. Of 
these the more important are ; (i) '' Cloudy sweUing," in 
which the protoplasm of the cell becomes swollen and 
the aspect of the cell changed so that its contents become 
obscured and very finely granular. This change is best 
seen in fresh, unfixed cells and is shown in stained speci- 
mens by an irregularity in the staining. This change 
occurs in the early stages of inflammatory action and 
may be general in any prolonged pyrexia, 

(2) Fatty degeneration may affect any cells, but more 
especially muscular fibres and the glandular cells of the 
liver, kidney, intestinal mucosa, &c. 

In this form droplets of fat are found in the interior 
of the cells: these at first are small, but in advanced 
cases the whole contents of the cell appear to be replaced 
by fat and the nucleus is squeezed to one side. 

With fresh specimens the high refractive indejc of the 
fat renders the diagnosis easy. In specimens passed 
through alcohol, &c,, the fat is dissolved out and the 
condition is then recognised by the meshvvork of the 
protoplasm having clear, round, unstained spaces which 
were previously occupied by the fat globules. 

Special methods show this form of degeneration more 
clearly. In specimens hardened in any of the osmic 
acid fixatives, such as Flemming*s solution, or cut fresli 
and treated with weak osmic acid, the fat will be stained 
a deep and intense black. Such sections can be counter- 
stained with safranin, Soudan No. 3 is also a good 
stain for fat. Fresh tissues or tissues hardened in for- 
malin must be used. The sections are treated with a 
saturated alcoholic solution (80 per cent, alcohol) for 
fifteen minutes, rapidly washed in 50 per cent, alcohol 
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and washed in distilled water. They can be counter- 
stained with haematoxylin and mounted in any glycerine 
medium. The fat will be stained a deep red. 

A rough estimate of the amount and extent of the 
fatty degeneration may be made from such section, 
but the main advantage of the sections is to show the 
distribution of the degeneration and the class of cells 
mainly involved. 

A promising method for the estimation of the extent 
of this degenerative process is the determination of the 
specific gravity of the organs. In some cases the fat 
is in sufficient amount to cause the entire liver to float 
in water, but more commonly it is short of this. To 
determine the specilic gravity a large poition of an 
organ is weighed and the volume of this portion deter- 
mined. Tins volume can be ascertained in the course 
of an ordinary post-mortem examination by the use of 
a vessel with an open tube fixed at the side. 

The vessel is tilled with water till the water escapes 
from this tube. When the water has ceased to escape 
a receiver is placed under the tube and the weighed 
portion of the organ is placed in the vesseL Water will 
again escape from the tube, is collected in the receiver 
and measured. The volume of this water is the same 
as that of the organ placed in the vessel, as it is the 
amount displaced by it. 

We now know the volume of a given weight of the 
organ and therefore its specific gravity. This method 
is sufliciently exact for ordinary purposes if a sufficiently 
large piece of the organ is taken, but for comparative 
purposes more information is required than we at pre- 
sent possess as to the normal variations in the specific 
gravities of organs. 

Fatty Degeneration is an important factor in many 
tropical diseases. It is marked in yellow fever almost 
as much as in poisoning by phosphorous. In the anaemia 
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of ankylostomiasis it is constant and pronounced, and 

as it affects extensively the intestinal mucosa, it is^ in 
the more chronic cases, largely responsible for the impair- 
ment of the digestive processes in some of these cases- 

Amyloid Degeneration is best shown in fresh sections. 
Macroscopically it can usually be determined by treat- 
ing a cut surface of an organ with tincture of iodine ; 
a deep brown colour is produced in such portions as 
contain this amyloid material. 

Sections can be similarly treated and mounted in 
glycerine media. 

Methyl violet stains amyloid material a deep red, 
standing out clearly from the surrounding violet. 

Amyloid degeneration is not common in tropical 
diseases, mth the exception of leprosy. In that disease, 
even when there has been no extensive suppuration, 
amyloid degeneration is fairly common. 

Fibrous Degeneration. — As a result of degenerative 
changes in many parts, and particularly in the nervous 
system, the nerve elements are replaced by iibrous tissues. 
These are weU seen in spinal diseases in which degenera- 
tion offnerv^e tracts is followed by tlie formation of 
fibrous^tissue in the tracts occupied by the degenerated 
nerves. This iibrous tissue stains with ordinary basic 
stains and is well shown by carmine. This change is 
sclerosis, but is the final result of the degenerative changes. 
The early nerve degenerations require special and com- 
plicated methods and could not be satisfactorily studied 
without special knowledge and appliance. 

The simplest method for demonstration of the early 
nerve degeneration is that of Marchi. The tissue is 
hardened in Muller'sy fluidj for one week. It is then 
transferred to mixture of MiUler's fluid 2 parts and 
osmic acid i per cent., aqueous solution i part. It is 
left in this solution for one week and either hardened 
in formahn 4 per cent.," frozen and cut, or re-hardened 
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in alcohol and imbedded in celloidin or paraffin. The 
sections must not be mounted in xylol balsam or any 
substances which dissolve fat. They can be moimted 
in glycerine. 

Some of the changes can be detected in nerve filaments 
teased out, treated with i per cent, osmic acid and 
mounted in glycerine. 
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The examination of feces is of the greatest import- 
ance as most of the intestinal entozoa deposit their 
eggs whilst in the intestinal canal, and these become 
mixed with the faeces* In other cases the parasites 
themselves may be passed, or in the case of tape-worms 
the mature segments or proglottides may be passed. 

In dysentery, cholera, &c., the organisms found in 
these diseases are present and can be isolated from the 
stools. 

Microscopic examination of the stools is very necessary 
and much information can be gained. The stools can 
be exammed as passed in any vessel, but are more con- 
veniently examined if passed into transparent glass 
vessels ; these can be covered with a larger glass cover 
fitting over the lower vessel like an enlarged Petrie dish* 

The points to observe are :— 

(i) The presence or absence of blood, mucus, muco- 
pus or pus, and the arrangement relative to the stool of 
such a discharge. 

(2) The colour of the stool and its consistence.] 

(3) The presence or absence of evidence of gaseous 
fermentation- 

(4) The odour. 

(5) The reaction, determined Jas soon as^possible after 
the stool isj'passed, 

(6) Any visible signs of animal parasites, such as the 
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worms themselves or the proglottides or segments of 
tape-worms, 

(i) Mucus alone, or streaked or mixed with the blood, 
indicates inflammatory action in the lower bowel, not 
necessarily dysenteric. It may be caused by anything 
that sets up such inflammation, such as bilharzia, 
ulcerated hasmorrhoidSj chronic ulcerations of various 
kinds of the rectum. These include malignant growths, 
granulomatous growths, and the ulceration left as a 
sequela of dysentery. 

Clear mucus, whether streaked with bright blood or not, 
without any admixture of f^cal matter, is met with in 
early or acute dysenteric attacks. Turbid or purulent 
mucus, sometimes in large quantities and passed either 
without any stool or with soHd formed motions, is more 
indicative of a chronic ulceration, from whatever cause, 
of the rectum. 

With ulceration hmited to the rectum stools are often 
coated with mucus. The more intimately the mucus 
and blood are mixed with the faeces the higher up are 
the lesions from which the mucus or blood is derived. 
In some lesions the mucus is so intimately mixed with 
the fluid faeces that it is difficult to discern, but tilting 
the vessel from side to side will often indicate its pre- 
sence by the manner in which the stool flows. 

Blood may be passed, bright red or in clots, in large 
quantities. This is no proof that it is passed from the 
rectum, as if in suflicient quantity and not mixed with 
the fcccal contents of the intestine it need undergo very 
little change in passing through the large intestine. Such 
blood is occasionally passed in ankylostomiasis. If 
intimately mixed with the faeces it may have lost com- 
pletely the red {blood) colour and appear black and 
tarry — melaena. 

In other cases, though still red, it has a duller colour, 
more hke anchovy sauce. Such stools are passed in 
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some cases of dysentery where the small intestines are 
implicatedj and may also be passed in cases of extensive 
enteritis secondary to malaria. 

Microscopic as well as macroscopic examination of the 
mucus and bloody as well as of the stool, should be made, 

(2) The colour of the stool is much modified by the 
diet, milk especially causing pale stools. Articles of 
diet taken by a patient have a marked effect^ and amongst 
abnormal articles that may be met with are earths of 
various kinds, coal-dust, &c., which to the inexperienced 
may cause much confusion. The alcoholic stools of 
jaundice may be simulated by those of some cases of 
earth-eating, and the black stool of the coal-dust-eater 
has been mistaken for melsena. 'The dark blue stools 
passed by patients takhig methylene blue are easily 
recognised. 

The consistence of the stool is of great importance, 
and it will be found that looseness of stools is of more 
importance in tropical practice than in England. In 
ulceration of the csecum and upper part of the colon, 
even when this is acute and extensive, there need be 
neither visible mucus nor blood, nor even tenesmus. 
*' Tropical diarrhoea *' is frequently shown at post- 
moriem examinations to be dysenteric. It is very fatal. 
On the other iiand, mucus and blood may be passed, and 
yet the stools be formed when there are a few chronic 
ulcers high up in the large intestine. 

{3) In some forms of tropical diarrhoea, particularly 
that form known in the East as sprue, the stools passed 
are full of air-bubbles and are undergoing active gaseous 
fermentation- 

(4) The odour varies so greatly with the diet that it 
is of minor importance. In the races subsisting mainly 
on a scanty vegetable diet the odour is singularly slight. 
In cases of dysentery associated with formation of sloughs 
the ordinary f^cal odom: is replaced by the peculiar 
penetratmg smeU of the condition. 
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(5) The normal acid reaction of the faeces is in many 
cases of diarrhoea and dysentery replaced by an alkaline 
reaction. To determme the reaction the f^ces must be 
examined as soon as they are passed, as a change rapidly 
occurs in most f^ces, particularly when fluid, rendering 
them alkaline, , 

(6) Parasites of various kinds may be seen by direct 
examination, but more often it is necessary to strain 
the stools. This is best done by placing the stool on 
a muslin or wire gaoze strainer, which should be^strong, 
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FiG» log. — Wire Gauze Straiker, 



and adding water and stirring well. By repeating this 
process all the smaller particles of the faeces will be 
carried through the mushnj and only the coarser particles 
and any entozoa present will be left on the strainer. 
Some of the smaller entozoa may be carried tlirough 
the strainer^ but that is unusual. If this is suspected 
the fluids that have passed through can be strained 
agaiij {i 

^^Microscopic Examinatioti\-The most important objects 
of tKis'STP-^Tt-Hre -deti^etion of ova of parasites, {2) the 
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detection of animal micro-parasiteSj and (3) the investi- 
gation of the bacteria present. 

Ova are readily seen with a low power two-third incJi 
objective, but for their identification at least half an 
inch or, better, qiiar±etJiLajPLi2£^ objectives are requisite. 

Th^ preparation of the stooTj ^ very simple. A small 
particle of tlie :taeces is placed on a sUde, it can be con- 
veniently taken up mth a splinter of wood such as a 
match stick. If not too hard it should then be com- 
pressed by a cover-glass into a thin _ layer ; if too hard 
for this it can be mixed with a little water. If the stool 
be watery it should be allowed to stand, and with a pipette 
some of the fluid taken from the bottom, as the eggs are 
heavier than a fluid stool and sink. The eggs that may 
be met with are those of the Ascdris lumbncoides, Trico- 
cephalus dispar, Ankylostomum duodenale, Oxyuris vermi- 
cularis, several species of tape-worms, several species of 
Distoma, those of Bilharzia hmnatobia^ and the embryos 
of the AnguiUula iniestinale. The attached diagram 
shows the appearance of the more important of these ova* 

The eggs of Ascaris lumbricoides (round worms) are 
enclosed in a thick, irregular capsule usually stained 
yellow or brown by the faecal colouring matter. They 
have a thui, clear, unstained internal capsule^ and the 
protoplasm contents are granular and do not as a rule 
completely fiU the inner capsule (fig, no, a). 

If too much pressure has been used the outer capsule 
may have been ruptured and the egg seen surrounded 
only by its thin transparent capsule. Even then it can 
be readily distinguished from the eggs with thin cap- 
sules by its more spherical shape, and particularly by 
the granular and unsegmented character of the egg 
contents. 

The eggs of Tfichocephalus dispar (whip-worms) are 
easily distinguished, as they are small oval eggs contained 
in a thick, deeply-stained outer capsule which has an 
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opening at each end. Inside this capsule is a thinner^ 
unstained capside, and the egg contents are granular. 
In many instances the openings in the outer capsule are 
seen to be plugged by mucus (fig. no, b). 

The ovum of the Ankylostomum duodenale is enclosed 
in a single, thin, transparent ^ unstained capsule. At 
the time the egg is passed segmentation usually into 
about four segments has taken place, but if the stool be 
kept a larger number of segments will be present accord- 
ing to the time and temperature, and in twenty-four to 
forty^^ht hours a fairly well-formed embryo will be 
found in many of the egg capsules {fig. no, c.) 

Oxyuris vefmicularis (thread-worm) has an egg that 
in si^ and general appearance is not unliJte the anky- 
lostsome. At the time the stool is passed this egg contains 
a well-formed embryo. 

The eggs of the different species of tape-worms may 
only present slight differences from each other, but they 
are readily distinguished from all other ova by the radial 
striation of the thick capsule and the presence of a 
differentiation in the contents into an embryo. The 
booklets of this embryo can usually be made out 
(lig, no, d). 

The eggs of the various Disioma (flukes) can be 
recognised by the presence of an operculum or lid 
(fig. no, e,Ug), 

Bilharzia hcematobia has a highly characteristic egg, 
as if armed with a sharp spike. In eggs passed with the 
f^ces this spike is usually at one side, but it may be 
terminal (fig. no, h and 2). If water be added to the faeces 
it will be seen that the egg contains a ciliated embryo 
which soon becomes active and bursts through the egg 
capsule. The free-swimming embryo remains alive in 
water for some days, but undergoes little further change. 
An intermediate host, perhaps a fresh-water mollusc, is 
probably necessary for its further development. 
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Only one embryo is found in the stool — the embryo 
of the Anguillula iniesiinale. The embryos of the 
Trichina spiralis are very rarely passed in the stools as 
they normally penetrate the intesthial walls and pass 
into the surrounding tissues. 

In the faeces, thread-worms^ segments of tape-worms, 
and occasionally round-worms are passed naturally. 
After the administration of powerful anthelmintics the 
whole tape-worm, round-worms^ ankylostomes, flukes^ 
and whip- worms may be passed. Some species are never 
found under any circumstances in the fasces. 

The worms met with in the human intestine and its 
appendages belong to the following orders : — 

{i) Cestodes^ These flattened worms have a segmented 
body, no digestive tube, and are hermaphrodite, 

(2) Trematodes. In these the digestive tube is incom- 
plete ; there is no anus and the body is not segmented. 
They are usually hermaphrodite, 

(3) Nematodes, These have a complete digestive tube. 
They are cylindrical worms and they are not herma- 
phrodite. 

The human cestodes are : T^nia solium, T, saginata, 
T, confusa, T. Africana, Dipylidium caninum, Hynieno- 
lefts murina {T. nana), Davainea MadagascariensiSj 
Botkriocephalus latm, Diplogonoporiis grandis, 

Cestodes or Tape-worms. — The embryonic or cystic forms 
of the Tmnia eckinococcus may be found in the liver, 
muscles of man, &c. The definitive host is the dog. 
These cysts, the hydatid cysts, can hardly be mistaken 
for non-parasitic cysts ; they can be readily distinguished 
if there is any doubt by the laminated cyst wall and the 
presence of booklets in the cyst or discharges. 

In the case of the eckinococcus man is the intermediate 
host. A larval non-cystic form of Botkriocephalus 
{B. Mansoni) has been found in the connective tissues 
of men in Japan, and the same larval form has been 
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obtained from an aboriginal of British Guiana. These 
larvae are probably the larval form of a Dibolhriocephalus ^ 
or of a Diplogonoporus. 

The greater number of the tape-worms found in man 
attain sexual maturity in him. Man is therefore the 
definitive host of these worms. 

The general structure of tape-worms should be known, 
and the differences indicated in the tabular statement 
of the well-known human tape-worms will then be 
understood. 

The tape-worms consist of a head or fixed portion 
attached by hooks or suckers, or both, to the intestinal 
wall. This "head" is called the scolex. From this 
scolex growth takes place continuously in one direction ; 
at first as a narrow neck which is not segmented, but 
which rapidly becomes segmented, and as growth con- 
tinues each segment increases in size and becomes sexually 
mature. Each segment is known as a frogloUis. When 
sexually mature the eggs are fertilised and finally the 
genital organs atrophy and the proglottis is reduced to 
a muscular sac distended by a uterus filled with fertihsed 
eggs. These proglottides become detached and are 
passed in the stool. Each proglottis is motile and may 
live for some time after it has been passed in the stool. 
It creeps about discharging its eggs. These eggs are taken 
up by the intermediate host, another mammal, a fish or 
even an insect, and develop in that animal, the inter- 
mediate host, into the cystic or larval stage. In the 
case of some of the tape- worms, as in Bothrioccphalus, a 
ciliated embryo is formed which swims freely in water, 
and in its intermediate host does not form a cyst but 
an elongated, worm-hke larva known as a '"^ Pkwcercoid'^ 

If taken, with food or otherwise, into the intestinal 
tract of man, the cyst is set free and the head becomes 
the scolex of the mature tape-worm. This scolex fixes 
itself to the intestinal wall and gives rise to the pro- 
glottides by growth from it. 
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The tape-worm derives its nutriment by osmosis from 
the intestinal tract. There is no intestine and no trace 
of one. There are water vascular tubes, the water 
vascular system running the whole length of the worm- 
With this exception, and the nervous system, each seg- 
ment or proglottis is a distinct individual jointed on to 
its predecessor and successor. 

Tlie points in the structure of a proglottis are best 
observed in a half-grown proglottisj as eariier the organs 
are not fully developed and the last segments are merely 
muscular egg sacs with atrophic organs. 

For permanent specimens the method to be adopted 
is as follows : Stain for twenty-four hours with very 
weak borax carmine ; soak in glycerine for some months. 
Compress between two slides clamped together and place 
in methylated spirit. When partially hardened the 
pressure can be relaxed and the specimen dehydrated 
in alcohol. Clear with oil of cloves and mount in balsam. 
Pressure should be applied to the cover-glass till the 
balsam has hardened. 

The proglottis is covered with a transparent cuticle 
and has a powerful muscular wall with longitudinal and 
transverse or circular bands. In the interior of the seg- 
ment are the organs of generation, male and female, as 
each segment is hermaphrodite. The arrangement of 
these organs varies greatly in different species, but they 
conform to a common type. 

The space between the organs is occupied by paren- 
chymatous tissue in which are often included highly 
refractile calcareous masses which must not be mistaken 
for eggs. 

The male genital organs consist of a number of small 
testes. Minute vasa effereniia unite about the centre of 
the body into a common vas deferens, this terminates 
in the copulatory organ or cirrkus opening with the 
vagina into a genital cloaca* 

17 
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The female genital organs consist of the vagina leading 
as a straight tube from the genital cloaca into an enlarge- 
ment, the receptaculum seminis. From this the tube 
is continued to the shell gland, and near it the ovarian 
tube, or tubes, if, as is usual, the ovary is paired, open. 
There is a diverticulum running longitudinally in the 
centre of the proglottis, which at first is simple but later 
branched — the uterus. The continuation of the vagina 
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Fig. III. 



a, Testes ; b, vasa efferentia : ;:. vas deferens : d, genital pore ; tf, 
vagina ; f, receptaculum seminis ; g, uterus : A* shell gland ; i^ ovary : 
f, vittellariiim or yolk glands; w,t:s,, water vfujcular system. 



is surrounded by the shell gland and the duct of the 
viieUarium or yolk gland opens into it. 

The spermatozoa pass up the vagina and the eggs 
discharged from the ovaries are fertilised, receive their 
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yolk and shdlj and are then forced into the longitudinal 
diverticulum or uterui:>. As more and more eggs pass 
into the uterus this tube becomes distended and the 
lateral diverticula enlarged, and ultimately the whole 
proglottis is occupied by the uterus distended with ova. 
The projection marking the genital cloaca, into which 
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Fig. 112. 

a, T^nia Saginala ; b, Dypiiidium ; Cy Davainsa ; d, Tisma Africana , 
e, Boihriocephalus ; /, Diphgonoporus gtandis. 



both the male and female organs open^ is known as the 

genital pore (fig. iii). 

In examining a tape-worm the points to observe are : — 
(i) The si2e, shape and number of proglottides in the 

worm. 

(2) The size of the scolex and its armature, which may 
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be suckers only, or suckers and hooks, and the number 
of these. 

{3) In the proglottides the relative length and breadth 
of the segments, particularly of the mature ones. The 
number of genital pores in each proglottis — two in Dipy- 
lidium and Diplogonoporust one in most of the other 
genera. The position of the pore, which is marginal in 
most, but in the mid-ventral line in the middle of the 
broad surface of the proglottis in Boihriocephcdus, It 
must also be noted if the genital pores in the different 
segments are all on the same side of the worm, as in the 
Davainea, or alternately (frequently irregularly so) on 
opposite sides of the worm, as in Tmnia saginata {fig. 112). 
In the ripe proglottides the branching of the uterus 
should be noted and the arrangement of the eggs. 

With proper attention to these points there is bttle 
difficulty in differentiating between the different species 
of the human cestodes. 

It will be seen that the dog is the definitive host of! 
several species of the human tape-worms. Of the Dipy- 
Udium the dog is the usual host. Some of the other 
tape- worms of the dog have been found in man. The 
mo^t important cystic cestode of man, the ecUnococcusA 
passes its adult stage in the intestine of the dog. It is 
therefore important to have some knowledge of the 
canine tape-worms. The subjoined table by Henry B« 
Ward gives the leading characteristics of the best-known 
of these. 

Tremaiodes or flukes are rarely met with in man 
outside the Tropics. Of the human Trematodes one, 
Disioma pulmonale, is found in the lungs; another, the 
Bilharzia (Schistosofna) hmmatobia occurs in the blood- 
vessels* Other trematodes in the liver, and the eggs 
only, which are passed down the bile ducts, are found 
in the faces, and still others are found in the intestinal 
tract, so that ordinarily the eggs, and after the adminis- 
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tration of powerful anthelmintics, like thymol, the adults 
also of these are passed by the rectum. 

The Trematodes include the Distoma, which are flat- 
tened bodies, of oval shape with pointed ends ; from the 
pecuharity of their shape they are popularly known as 
" flukes/' They are hermaphrodite, non-segmented and 
possess an incomplete intestine- They are armed with 
two suckers placed near each other, anterior and pos- 
terior in most of the genera, 

In the Amphistoma the suckers are at opposite ends 
of the body and they differ in shape from the other 
Trematodes. 

The intestinal system of the Trematodes consists of 
a short muscular pharynx leading from the anterior 
sucker longitudinally. The oesophagus terminates by 
bifurcating into the two cseca which pass round the 
body towards the posterior extremity of the worm. 
These c^eca end blindly, but are often sacculated or have 
diverticula. The genital organs are complicated and 
the arrangement varies. In Bilharzia (Schistosoma) the 
male and female are distinct and the female lives in an 
incomplete canal, the gynephoric canal in the male. 
In the other Trematodes the male and female organs 
are contained in the same animal, but the openings of 
each are distinct. 

The female organs consist of a convoluted uterus 
opening externally near the second or ventral sucker. 

This convoluted uterus leads to a dilatation surrounded 
by the " shell gland," and into this the ovarian tube 
from the single ovary opens. The common vitelline duct 
formed by the junction of the two vitelhne ducts which 
receive the yolk from the numerous yolk glands dis- 
tributed along the edges of the animals opens with it. 

There are two compound testicles which lie one in 
front of the other. 

The ducts, vasa defereniia, from these pass forwards 
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The structure of Distoma is best shown as in the case 
of the cestodes by prolonged immersion in glycerine and 
then passing through alcohol and oil of cloves. They 
can be stained lightly with weak borax carmine before 
they are placed in the glycerine. 

In one division of the Distoma monogenia the eggs 
develop into a condition suitable for the invasion of 
their definitive host without the intervention of an 
intermediate host* The eggs of the other and more 
important division^ Digenia, require for their develop- 
ment an intermediate host. 

The full life-history of none of the human Trematodes 
is known. Of those in lower animals that in Fasdola 
hefaUca has been thoroughly worked out. A cihated 
embryo is formed in the egg and escapes. It then passes 
into a fresh-water snaiL In the snail it becomes hoUowed 
out, forming a sporocyst. Buds form in the interior of 
this cyst and secondary flagellated larvae, redi^, are 
formed. These escape into the tissues of the snail, and 
by a further process of budding form tertiary larva or 
cercari^, which have a sucker^ and escaping from their 
host are taken up with grass by their definitive host, the 
sheep. They pass up the bile ducts into the liver of this 
animal and there develop into the sexually mature form. 

The Trematodes found in man belong to four families : — 

The MonosiomidcB^ which have only one sucker, are 
represented by the Monosioma lentis, found in the 
superficial layer of the crystalline lens on one occasion 
only. 

The Fasciolidm have two suckers, one terminal and 
the other ventral. Of this family four genera are found 
in man : Dicrocodini^ in which the testicles are in front 
of the female genital organs ; Opisthorchis, in which the 
testicles are behind the female genital organs ; Meso- 
gonimus, in which the genital opening is behind the 
posterior sucker ; and Paragonimus, in which the genital 
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Opening may be median or right or left of the middle line. 

The AmphistotmdcB have two suckers, both terminal, 
one at the one end and the other at the other end of the 
animal (fig. 114). 

Schisiosomidm have two suckerSj but the male and 
female organs are in separate animals. 

The Nematodes found in the homan intestine are the 
Ascaris lumhricoides, Oxyurus vermicularis, Uncinaria 
duodenalis (Anchylosiomum duodenaie}, Tr^chocephalus 
dispar^ Trichina spiralis, Strongyloides intestinali {Anguil- 
lula tniesUnale). 

Ascaris lumbricoides. These are large round- worms. 
The males are 15 to 17 centimetres in length and 2 or 
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Fig. 114. 



3 mm. in breadth. The female is rather larger, 20 to 25 
centimetres long and 5^5 mm. in breadth. These worms 
are found in any part of the intestinal tract and occa- 
sionally pass through the common duct into the gall- 
bladder or even the biliary ducts. They have been 
found in hepatic abscess. They may be very numerous 
in the intestine. 

Oxyurus vermicularis is .a small cylindrical worm which 
tapers towards the tail. The male is 3 to 5 mm. in length 
and at the tail is coiled up in a spiral. The female is 9 to 
12 mm. in length. This worm is found in the large 
intestine and rectum and may escape through the anus 
(fig^ 115)* 
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Trichocephalus dispar (whip-worm). The characteristic 
of this worm is a long, thin, anterior portion somewhat 
resembHng the lash of a whip. The male is 35 to 45 mm. 
in length, and the female 35 to 50 mm. These worms 
are found commonly in the caecum and also in the ascend- 
ing and transverse colon. They are very rarely found 
in the ileum (fig. 116), 



a 



Fig, IIS, 
a, Male ; 6, female. 
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Wig, 116, 
% Male : K female. 




The Ankylostomum duodenale or Uncinaria duodenalis 
is of the greatest importance. These worms are found 
in the smaJl intestine and may be very numerous. Both 
males and females are found. They fix themselves to 
the intestinal wall and live on the blood they imbibe. 
The female adult worms are 7 to 15 mm, in length and 
*8 mm. in breadth. They have a mouth surrounded by 
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mences as a powerful oesophagus. The anus is sub- 
terminal. The genital opening is posterior to the middle 
of the body. 

The males are rather smaller in length, 6 to 11 mm., 
and '5 mm. in breadth ; they have similar mouth-parts < 
The caudal extremity is expanded into a membranous 
fold of the integument divided into four unequal lobes, 
of which the lateral ones on each side are the largest. 
There are two equal spicules which can be protruded 
through the cloaca (fig. 117). 

Another species closely resembling this is described by 
Guiteras in Havana. The differences are mainly in 
the smaller size of the head and mouth. The armature 
differs as there is only one pair of curved teeth. 

The ankylostome is supposed to gain access to the 
body by the mouth, but it has been shown to be capable 
in its embryonic form of penetrating the skin, and soihe 
experiments seem to show the possibihty of these em- 
bryonic forms obtaining access to the intestine after 
penetration of the skin. 

The ankylostome eggs hatch quickly, within forty- 
eight hours, and the embryos rapidly increase in size. 
If kept in the fseces they soon die, but if allowed to escape 
into the earth they undergo further development, become 
sexually mature, and may reproduce altogether outside 
the body. 

Sirongyloides intestinalis, Anguillula mtesthmlis, or 
Rhabdonema infesHnale, — This is a small worm only i mm, 
long and 50 ^ in breadth. It is found in the small intes- 
tine and the male is not known. Only a small number 
of eggs are formed, four or five as a rule. The embryos 
hatch out either whilst stiU in the adult or when dis- 
charged into the intestine. The embryos outside the 
body are capable of full development to sexual maturity 
and reproduction. 

Trichina spiralis. — The adult forms are found only in 
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the intestines of man and other animals. They are found 
only for a period of a few weeks after eating flesh in 
which encysted embryos were present. The C3^ts axe 
dissolved in the stomach, the embryos are set free, and 
in the human small intestine pass through several meta- 
morphoses and become sexually mature in a few days. 

The mature worms are just visible with the naked eye. 
The male measures i to 5 mm* in length and "04 mm. in 
breadth. There is a straight intestine with a powerful 
oesophagus. The anus opens into a terminal cloaca into 
which also the vas deferens from the single testicular 
tube opens. There are two digitiform appendages^ one 
on each side of the cloaca, which serve as copulatory 
organs. 

The female is larger, 3 to 4 mm. in length and '06 mm< 
in breadth. There is a single ovarian tube which is 
cdntinued into a widely-dilated portion, the uterus, from 
which a narrow tube leads to the genital opening which 
is situated about the junction of the anterior fourth of 
the body with the rest. 

The embryos are passed alive but do not appear in 
the faeces as they pass through the intestinal wall, and 
finally reach the muscles and there become encysted. 

Man can therefore be both the hitermediate and 
definitive host, but many other animals harbour the 
parasites, particularly pigs and rats. It is from badly- 
cooked pork that man usually becomes infected. 

To find the adults the intestinal contents should be 
examined drop by drop with a low power. They may 
be found by examination with a simple lens, but are easily 
overlooked. The encysted embryos are seen as white 
specks in the muscles and are most numerous towards 
the insertion of the muscle. They may be found in fat 
and other tissues, but are less easily seen in such situations. 
Protozoa belonging to various orders are found in the 
stools. Of these the Amcsba coli, a large amoeba which 
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is passed with the mucus in many chronic and recurrent 
dysenteries, is of the most importance. Some observers 
state that it is found in normal stools, and it is certainly 
found in stools of patients who do not complain of either 
diarrhoea or dysentery. In a large proportion of these 
cases it wilL be found that mucus is passed with each 
stool and in some ulceration of the colon has been present 
and found on post-mortem examination- 

In a fresh stool the diagnosis is easy, particularly in a 
warm tropical country or where a hot stage is used. The 
large ceOs with active amoeboid movement often con- 
tahiing in their interior red corpuscles vacuoles, permit 




Fig, 118. 

of no mistake. If the stool has been some time passed, 
allowed to cool or treated with antiseptics, diagnosis is 
less easy, as the amoeba when they die become globular 
and are not easily distinguished from other large ceDs 
in the mucus. If they contam blood corpuscles or other 
substances taken as food they can be more readily 
recognised- They stain weU with any basic stain, but 
there is no satisfactory differential stain. 

The life-history of the amceba has not been conclu- 
sively demonstrated, and the pathogenic properties are 
disputed by many. In the most severe cases of dysentery 
the Am<Eha coH is not found, and it is usually absent in 
epidemic dysentery. 
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Ammb^ coli are found in the pus of hepatic abscesses. 
They are very difficult to find in the pus discharged 
at first. If the pus be examined three or four days after 
the abscess is opened they are usually readily found. 

Coccidia are said to have been found in human faeces. 

Various flagellated organisms have been described in 
the stools. The most important is a Cercomona hominis 
{fig, ii8). It is a small round body with one or two long 
flagellar It is rarely found in healthy stools but may 
be common in some cases of diarrhoea. 



Fig, 1 19. 



Flagellated organisms have also been found in the 
mouth and in abscesses in connection with mouth cavity. 

Infusoria are found in some cases of diarrhoea ; the 
best known resemble a large Pammmcium — Balantidium 
coli. It measures 65-83 ^ in length. It may be found 
in very large numbers in the stools, and in such cases it 
may also be found in the intestinal walls and even in 
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the blood-vessels ; it has been found in the pus of an 
abscess of the liver. It is probably pathogenic. It is 
a parasite foond very commonly in the intestines of pigs 

(fig- H9)- 

Vegetable micro-organisms abound. Most of these 
belong to the colt group and include organisms which 
are harmless and others which are pathogenic. Many 
of the organisms, as for instance the Bacillus colt com- 
munis, though harmless to persons in good health as long 
as they are contained in the aUmentary canal, can, under 
certain circumstances, invade the tissues and then become 
actively pathogenic and in some cases pyogenic. The 
intestinal mucosa possesses considerable power of resist- 
ance even to many decidedly pathogenic organisms, and 
consequently attempts at infection by the imbibition 
of cultures, &c., often fails. 

Impaired resistance due to bad health, malnutrition, 
combined with enhanced virulence of an organism, is 
necessary in many cases for even pathogenic organisms 
to cause disease. 

The isolation and identification of pathogenic and non- 
pathogenic organisms in the alimentary canal is a matter 
of considerable difficulty and complexity on account of 
the large number of organisms and species of organisms 
usually present. 
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CHAPTER XIV. 
Urine. 



It is not proposed to consider the ordinary tests 
for the abnormal constituents of urine, albumen, sugar, 
and the hke, but onlj^ a few special points in connection 
with urine examination in the Tropics. 

Blood is found under special circumstances as a result 
of parasitic invasions by Filaria nociurna and Bilharzia 
hmmatohia respectively^ and there is at least one form 
of tropical haemoglobinuria — blackwater fever. 

HiBmatuna can be easily distinguislied from hsemo- 
globinuria by the presence of red corpuscles in the deposit. 
In many cases it is easily distinguished with the naked 
eye as the superjacent fluid may not be coloured with 
blood in hematuria. If coloured with blood it is cloudy 
and not a clear and transparent red as the solution of 
hemoglobin is in haemoglobinuria. 

In ha^maturia from bilharzia infection the bulk of the 
urine is often free from blood, but if the patient, after 
apparently emptpng the bladder, strains the last few 
drops, blood may be found or mucus, and in this blood 
or mucus the characteristic ovum with its terminal spike 
and ciliated embryo will be found. 

In all infected cases it is therefore necessary for the 
patient to strain, and the few drops so passed are the 
most important for examination. 

The bilharzia has been found not only throughout ^ 
Africa, in Arabia and Cypnis, but also recently in one 
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■ of the smaller West Indian Islands, and it is therefore 
H possible that it may become a more widely diffused 
H disease than is at present the case. 
H In most cases of bilharzia there will be a history of 

H occasional attacks of hsematuria. In these cases, by 
H finding the ova in the last few drops of urine expressed 
from the bladder^ the causation of the disease can be 
determined. 

Hematuria from filariasis is rarely an admixture of 
blood only. More often chyle is also present and this 
frequently occurs without any admixture with blood 
(chyluria). Coagulation of the chyle and blood fre- 
quently takes place so that clots of blood-stained sub- 
stance, or of pure blood, are formed, or the whole mass 
may set as a pinkish jelly. 

The embryos of the Filaria nociurna may be found in 
the urine, but are more abundant in the blood. If 
scanty any small masses of blood or filaments of 
thread should be examined as the filariae often adhere 
to them. Some authors advise filtering the urine, and 
in the last few drops left in the filter the embryos will 
be found. There is no periodicity in the appearance of 
the filaria in the urine. 

If filarial are not formd in the urine they may be found 
in the peripheral blood of the patient if the examination 
be made at night. 

Haematuria may also result from other causes, such 
as calculus, malignant disease, but those are not limited 
to the Tropics. 

Hcemoglobinuria, or the passage of urine coloured with 
dissolved haemoglobin, is the characteristic of '* black - 
water fevex,*' Cases of paroxysmal hemoglobinuria 
would, no doubt, if tbey occurred in an endemic area, 
be mistaken for blackwater fever. Hemoglobinuria is 
met \vith in Africa as a common disease, in some places 
10 per cent, of the most susceptible population {Euro- 
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pean) are attacked annually^ or one quarter of that pro- 
portion of the less susceptible Asiatics. In some parts 
of India a fair number of cases are met with, but only 
in small proportion as compared with Africa, Case^ are 
reported from other malarial countries, South America, 
West Indies, South of Europe, &c., but the disease is 
rare in those countries. 

The urine when first passed is clear and, when diluted 
sufficiently, transparent, but as it cools, and particularly 
when it becomes alkaline, a thick deposit is thrown down- 

The greater the dilution required to render the urine 
transparent the more concentrated is the haemoglobin 
solution In the urine, and the larger the amount of the 
haemoglobin the more severe will be the attack. 

Rate of Secretion. — In this and also in yellow fever the 
rate of secretion of the urine is a matter of great im- 
portance, as if the urine is much diminished the prognosis 
is grave and active measures are urgently required. The 
times of nricturition and the amount passed each time 
must be obsen^ed, and amount of urine passed at a 
micturition divided by the times in terms of an hour wiU 
give the rate of secretion per hour. Any fall in this rate 
is an important warning. If suppression is once estab- 
lished recovery will not take place in either disease, 

EUe in the urine may occur in some cases of malaria 
as a transient phenomenon. The persistent presence of 
bOe in an acute attack of malaria is rare, but a serious 
and usually fatal complication. 

There are cases of jaundice occuiring in the Tropics 
associated with high fever which are neither yellow fever 
or malaria. These require investigation. Nothing is 
known of the true nature of these diseases. 

HsBmoglobinuric urine can be distinguished from 
bilious urine by dilution, wlien the red colour of the 
haemoglobin is seen. By shaking the urine and noting 
the pink ttnge of the froth as compared to the yellow 
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^M tinge of the froth of bilious urine, the distinction is 
H readily made, 

H The most satisfactory method for diagnostic purposes 

H is the use of a spectroscope, when the heemoglobin bands 
" will be clearly seen {vide Table of Spectra, Chapter V,, 
p, 132), In some of the cases all through, and in others 
at onset and end of an attack, methaemoglobin is passed 
alone. Such urine is a brownish colour and can only 
be distinguished by the spectroscope {spectra 4 and 5). 
There is reason to believe that many mild cases of black- 
water fever are overlooked as the urine contains only 
tliis methaemoglobin. In this disease casts are often 
present in large numbers. The casts are granular, do 
not often include epithelial cells, but generally contain 
granules of bright yeUow pigment derived from the 
hemoglobin. Such casts are found for weeks after an 
attack of blackwater fever though the urine is free 
from albumen. 

It is important to be able, in w^atching a case, to form 
an estimate of the variations in the amount of haemo- 
globin present. This is readily done if the first urine be 
diluted in a test tube to a convenient known extent. 
This is the standard and the other urines found are 
similarly diluted till they match the standard. 

Indican is very commonly present in the urine of 
patients in the Tropics, usually in cases of intestinal 
disorder* It is best detected by conversion into indigo 
blue. The simplest method is to place a crystal of 
potassium chlorate on the bottom of a tube and cover 
this crystal with the urine. Strong hydrochloric acid 
is allowed to run down to the crystal without mixing 
with the urine. A blue ring forms at the point of junc- 
tion of the two fluids if indican be present. 

Bacteria are frequently met with. Of the pathogenic 
organisms the waniings which will be given as to the 
danger of confus-ng the smegma bacillus with tuberde 
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must be borne in mind. The typhoid bacillus may be 
found in the urine for prolonged periods after recovery 
from the disease. 

The bacteriology of the urine in the Tropics has received 
little attention. 

It is well to remember that urine can be used as a 
medium for growth of organisms. Typhoid and many 
others grow fairly well. It requires boiling, filtering, 
sterilisation, and can be used either as a fluid medium, 
or by the addition of gelatine or agar made into a solid 
medium. 



2^9 



CHAPTER XV. 

The pathogenic microorganisms of vegetable^origin 
have not been so much studied in the Tropics as else- 
where, and much of the easier work could be done 
without complicated apparatus or any great difficulty. 

The methods now employed in laboratories require 
too much apparatus and are too complicated to be used 
by a private worker in the Tropics, and therefore he can 
only advance as far as is possible with the simpler methods 
which are at his disposal. This account of the methods 
which can be used is therefore intended only for those 
obliged to use primitive methods and makeshifts. 

For the isolation and cultivation of vegetable micro- 
organisms artificial media are necessary, and the basis 
of the standard media is nutrient broth. There is much 
difficulty attending the making of nutrient broth from 
meat in the Tropics, but meat extracts, particularly 
Bovril or Liebig's, make an efficient substitute, and in 
broth prepared from either of these the organisms that 
vvdll grow in nutrient broth made direct from meat wiU 
grow fairly well. 

An iron enamelled jug, measures, scales and weights^ 
a glass rod, a funnel, and ordinary filter paper or white 
blotting paper is all the apparatus required. Bovril, 
peptone, and common salt and water are the substances 
needed, and litmus paper, or better, phenolphthalein, which 
is required for the neutralisation of the broth when made, 
as well as a carbonate of soda or sodium hydrate solution, 

Nutfieni Broth, — To make the broth : Take i;ooo 




aSo 



STUDIES IN LABORATORY WORK 



cc. or I litre of water : then take 5 grammes each of 
Bovril (or Liebig) and salt^ and 10 grammes of peptone 
(Wittes' is usually used). Mix the peptone with about 
25 cc, of the water and stir it well so as to form a 
kind of emulsion ; then to this add remainder of the 
water and the salt and Bovril, The Bovril can be 
conveniently weighed in a watch-glass, or if Liebig is 
preferred, this can be spread with a spatula on a piece 
of filter paper, and the watch-glass with the Bovril in 
it, or the filter paper with the Liebig's Extract on it, 
can be placed in the water with the other ingredients. 
The whole should now^ be boiled for a quarter of an 
hour to ensure thorough solution and well stirred. It 
is now ready for neutralisation. When made with 
Liebig the broth will be much too acid to get good 
growths, and with Bovril. though much less acidj is still 
too acid to be quite satisfactory. Moreover, the degree 
of acidity of different specimens varies. 

Neutralisation. — Litmus paper can be used in an 
emergency to determine the reaction of the broth, but 
is unsatisfactory, as many of the organic acids do not 
affect litmus paper, and the dibasic sodium phospliates 
act on htmus paper as an alkalL Many specimens of 
broth also have a double reaction, turning red litmus 
paper blue and blue litmus paper red, so as to leave 
the point of neutralisation uncertain. 

Where possible phenolphthalein should be used, A 5 
per cent, solution of phenolphthalein in spirit is the 
index. This solution is colourless when acid or neutral, 
but turns a deep magenta colour with any free alkali. 

Carbonic acid should be expelled by boiling from a 
measured quantity of the broth, say 25 cc, ; to this a 
few drops of the phenolphthalein should be added, and 
then drop by drop the alkaline solution, till the broth 
turns a flesh or faint pink colour, indicating that the 
alkali is completely neutralised. The amount of alkaline 
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solution has been measured, and as there are 975 cc. of 
broth left the amount required for the neutralisation 
of the 25 cc. multiplied by 975, will give the amount of 
the alkaline solution required for the neutrahsation of 
the broth. 

It is to be noted that to exactly neutralise the broth 
it is of no importance what the strength of the alkahne 
solution may be. 

A neutral broth so prepared will serve for the growth 
of most organisms, but the best growths are obtained 
with a slightly alkaline broth. If it be desired to use 
a less or more alkaline broth it is necessary to have an 
alkaline solution of known strength. 

The solutions used are the so-called *^ normal solu- 
tions," A normal solution is a solution of the equivalent 
weight in grammes of the substance dissolved in water 
up to 1,000 cc* A decinormal solution is one-tenth of 
that strength or the equivalent weight in grammes dis- 
solved in water up to 10,000 cc. A centinormal solution 
is the same weight dissolved in r 00,000 cc. ; whilst a 
dekanormal solution is ten times as strong as the normal 
or the same weight dissolved in 100 cc, e.g., the equiva- 
lent weight of sodium hydrate, NaOH, is 23 -h 16 -|- i 
= 40, of sulphuric acid, H^SO^, as it neutralises two 
molecules of sodium hydrate, is ^ (2 X 32 X 64) or 

""^ =49- 

A normal solution is represented by ,, a decinormal 
by j^, a centinormal by x&xii and a normal solution of 
sodium hydrate therefore is 40 grammes dissolved in 
water and diluted to 1,000 cc, whilst a normal solution 
of sulphuric acid will be 49 grammes diluted to i.ooo cc. 

A neutral broth is one which is neutral when tested 
liot with phenolphthalein ; such a broth is usually alka- 
line when tested by that uncertain standard litmus paper. 
The degree of alkalinity of a broth is measured by the 
number of cc of normal alkaline solution added per 
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I, GOO cc. of broth over and above that required for 
neutralisation, the minus sign ~ is used to indicate 
the alkalinity, so that — 4 would indicate that of a 
solution f of alkali 4 cc. added to 1,000 litres of 
the broth in excess of the amount required for 
neutralisation. 

If the broth used is still acid as tested by phenolph- 
thaleiuj that is indicated by the plus sign +, A broth 
described as + 10 would still require the addition of 
10 cc. of J solution of alkah per litre for neutralisation. 
Many specimens of Bovril broth, without neutralisa- 
tions, are not more acid than this, and + 10 is a favourite 
reaction for the growths of many organisms. 

This question of neutrahsation and of uniformity of 
reaction is a simple matter. The degree of alkalinity or 
otherwise of the media affects the properties of growths 
so materially that it is necessary to be particular on the 
point, but for mere growth of organisms a broth neutral , 
to phenolphthalein will suffice. 

After neutralisation or procuring the required degree of ' 
alkalinity or acidity to phenolphthalein, the broth should 
be boiled and kept at the temperature of boiling water 
for half an hour. It should then be allowed to cool, as It I 
is not till it is cold that the mass of the phosphates will 
be precipitated. It is then, whilst cold, to be filtered] 
through ordinary white filter paper. The broth is now | 
prepared, but in the course of the preparation many | 
organisms will have gained access to it from air, vessels, 
&c., and if left as it is these would multiply. Sterilisa- 
tion is therefore necessary. This can either be done in ] 
bulk or the broth can be decanted into a series of test 
tubes in quantities suitable for use. 

The procedure differs little in the two cases. If it bei 
desired to keep the broth in bulk it should be poured 
into a clean narrow- necked ^'essel {Erlenmeyer flask, 
*fig* 120}, which will stand heat, and the mouth of this 
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vessel plugged tightly with cotton-wool. If it is to be 
divided, some 10 cc, should be poured into each of a 
series of clean test tubes and the mouth of each should 
be plugged with cotton-wooL It is better to sterilise 
by dry heat the flask or the tubes and wool before pour* 
ing in the broth. It is not absolutely essential, as the 
tubes, wool, and broth contained in the tubes can all 
be sterilised together, but if not failures are Ukely to 




Fig. 130. 

occur and many of the tubes will befound to be con- 
taminated with organisms. 

For sterilisation a single boiling does not suffice, as some 
of the organisms and most spores are only slowly killed 
at the temperature of boiling water. 

Sterilisalion. — To sterilise, the broth and the vessels 
containing it should be maintained at the temperature 
of boiling water for at least half an hour on three con- 
secutive days and allowed to cool in between. This 
intermittent method allows the spores which have escaped 
the first sterilisation to develop into the less resistant 
organisms before the second heating, which then destroys 
them. The third sterilisation, which is not always abso- 
lutely necessary, is a precaution in case any spores or 
organisms have escaped from the two previous sterili- 
sations. 
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Sioring Media.- -Tim broth when cool is ready for 
use and can be kept till required. The tubes, wool, and 
broth are all sterile and remain so for a considerable 
period. Organisms can only gain access to the broth 
by growing through the wooL This does not take place 
through dry wool, but in moist, warm climates^ such as 
are met with in the Tropics, the wool gets damp and 
growth through it takes place. 

In such chmates and at such times o£ the year it is^ 
advisable as a routine every week or fortnight to heat 
the end of the test tube containing the cotton wool soj 
as to ensure the wool being dry and to kill any organisms j 
that have grown in it. Unless this precaution is taken] 
tubes soon become contaminated. 

The number of organisms falling on to the cotton* j 
wool can be greatly reduced by covering the top of the] 
tube with an inverted paper cone, such as a folded filter] 
paper. This measure would delay the contamination] 
of wool even in the Tropics. 

Glycerine Broth, &c. — For many purposes additions! 
are made to the nutrient broth. These additions must] 
be made before sterihsation ; if made after, the sterilisa- j 
tions will require to be repeated. They are best made j 
before neutralisation. 

Glycerine broth is made by the addition of 6 per cent* 
of glycerine. Glucose^ lactose, maltose or saccharose,] 
added in the proportion of 2 per cent, to the broth, j 
make glucose broth, lactose broth, &c,, respectively. 

Solid Media. — For other purposes, and those of the! 
highest importance, the broth is mixed with gelatine of] 
agar-agar in sufficient proportion for the solution to set! 
when cooled to the temperatures at which it is desired] 
to study the growths. These form the so-called soli^ 
media. 

Nuirieni Gelatine. — The gelatine medium is madel 
by the addition of 9 to 12 per cent, of the best Frencbj 
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gelatine to the crude broth. Broth that has been neu- 
tralised and hltered can be used, but it is waste of time 
as neutralisation will have to be repeated. Gelatine is 
always acid. 

After the gelatine has been added in the required 
proportion keep in the steamer for half an hour ; neu- 
tralise, render alkaline or leave acid to the required 
extent. Allow to cool to 6q° C. or less as long as the 
gelatine remains fluid. 

Whip up the white of an egg for each 500 cc, of the 
gelatine broth and mix well with the rest of the medium. 
Steam for half an hour. The white of the egg diffused 
through the medium will coagulate, and in its coagula- 
tion wiU carry down many of the impurities of the gelatine. 
Filter whilst hot through a coarse filter paper^Chardin's 
— which should be moistened with hot water. Store in 
flasks or decant into test tubes as required. Sterilise a& 
with nutrient broth for half an hour on three consecutive 
days. This medium is known as nutrient gelatine, or 
simply *' gelatine." 

Glncose, &c., &c,, can be added to it if required, the 
addition being made preferably before neutralisation and 
always before sterilisation. Too prolonged heating causes 
hydrolytic changes in the gelatine so that it will not set. 
Extra sterilisations must be avoided where possible on 
this account. 

Nutrieni Agar. — Agar, nutrient agar, is made in a 
siuiilar manner ; 1-5 to 2 per cent- of the powdered agar 
is added instead of the gelatine. It is much more 
difficult to filter, and where the necessary trouble cannot 
be taken a passable substitute is to allow it to cool slowly 
so as to permit the coagulated egg albumep and other 
precipitates to settle to the bottom. When cold the 
mass can be removed from the vessel and the lower part 
containing the great mass of the impurities cut off. The 
residue, though much inferior in appearance to the 
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filtered product, is sufficiently clear to be translucent 
and can be satisfactorily used without filtration for 
cultures. 

The clearer filtered product is better. To filter it is 
necessary that the filter paper should be kept hot. This 
is best effected by placing the funnel, filter paper, and 
receptacle in the steam steriliser and allowing the filtra- 
tion to take place in the steam sterifiser. 

Addition of glucose, &c.^ can be made as in the case 
of other medium. 

Filtration of these media is facilitated by folding the 
filter paper so as to have a large number of angles and 
very little of the paper in contact with the glass. 
These papers can be bought ready folded or can be 
folded before use. 

The solid media are essential for the separation of 
the various organisms usually present in the animal 
tissues, discharges, or other substances to be examined. 

Separation of Organisms *^The method of procedure 
is based on the principle that by successive dilutions 
of a minute quantity of the substance to be examinedj 
the individual organisms will be so scantily distributee 
through the medium that they will be separated fror 
each other by an interval appreciable to the eye. I| 
this medium be then allowed to become solid the or^ 
^anisms will remain well separated from each otherj 
and if kept under conditions favourable for their growth! 
will multiply and form in the course of a few days! 
''colonies" which will be visible to the naked eye J 
From these colonies sub-cultures can be made, and th€ 
colonies may also be examined directly. 
\^A piece of platinum wire, 3 to 4 inches m lengthy is 
inserted into the fused end of a glass rod, and a small 
loop is made at the other, the free end, of the platinuiii 
wire. This wire is sterilised by heating in the flame, 
and a loop-full of the substance to be examined is takeo^J 
up by this loop. 
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A tube containing the gelatine medium melted by 
placing in hot water is then inoculated with this loopful 
and well stirred and shaken. 

The amount of the substance is thus diluted by the 
amount of the fluid gelatine. 

After sterilising the needle a loopful from this tube 
is inoculated into a second tube and wiU again be diluted 
to the same extent- A third tube is treated in the same 
manner and the dilution will now be extreme. 

In other words^ provided the mixing is thorough the 
organisms will be so much diluted by these successive 
dilutions that they will be separated from each other by 
appreciable intervals. A fourth or a fifth dilution may 
be made, but is not usually required, as the third dilu- 
tion is in most instances sufficient. 




Fig. 121. 

The end of each of these tubes is heated in turn to 
destroy any organisms which may be present at the 
edge of the tube with the plug withdrawn, and the 
gelatine is poured into a flat sterilised glass dish {fig. 121) 
—a Petri dish — which is quickly covered with another 
similar but larger sterilised dish. The melted gelatine 
solidifies as a thin sheet of nutrient gelatine, and is 
allowed to remain at a temperature of about 20'' to 

Some organisms will grow quickly and others slowly, 
and by colour, size, shape of colonies and effect on the 
gelatine it is usually possible to distinguish that several 
organisms are present. In the plate from the first tube 
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the colonies are so numerous that they are separated 
from each other by too small a distance to isolate. In 
the plate from the second the organisms may be sufl&- 
ciently far apart, and in the third and subsequent 
dilutions the colonies resulting from the growth of the 
widely-separated organisms are usually far enough apart 
to be easily distinguished from each other. From these 
cultures can be made. 

As the frrst dilution ie always too little diluted for 
practical work and the second is usually so, it is un- 
necessary to do these dilutions in the solid medium or 
to make plates of them. The two first dilutions may 
be done in sterile broth or even in a weak sterile salt 
solution, 5 grammes to a htre, and only the third in the 
solid medium. This economises the solid medium, which 
is the most troublesome to prepare. 

Plating may be done with agar, but a thermometer 
must be used to make sure that the agar is cool enough, 
otherwise the organisms may be killed. The agar will 
have to be heated to nearly the boiling point of water 
to become thoroughly fluids and allowed to cool before 
inoculation. It is not so easy a proceeding as plating 
with gelatine, but agar is the only solid medium that 
can be used in many parts of the Tropics, as above 22*" C. 
the gelatine wiU not set. Stronger solutions, as 2o per 
cent, gelatine, wiU remain solid at 37' 5° C, but these 
stronger gelatines are not easy to work with and fre- 
quently undergo changes during sterilisation that cause 
liquefaction or acid production. Therefore, unless ice 
and a cold incubator are available we are restricted to 
the use of agar for plating. 

A convenient method of plating in agar is to make 
the agar plates and inoculate when the agar has set 
either from the second or third broth dilution, by making 
a series of parallel strokes with a platinum loop on the 
solidified surface, or, and better, by using a sterilised 
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brush — camePs hair — and brushing lightly over the sur- 
face of the medium after dipping this brush in the second 
or third broth dilution. Excess of fluid is to be avoided 
by draining off from the brush against the inner side 
of the tube. The brnsh should be sterilised in a dry 
tube J plugged with woolj by three successive sterilisa- 
tions. The platinum wire is sterilised as usual by heating 
in the flame. 

Some important organisms will not grow on any 
known artificial medium, and others only on special 
media or under special conditions. Separation of such 
organisms is either impossible or difficult. Standard 
books on bacteriology should be consulted for such 
methods, which will not usually be practicable for the 
solitary practitioner under the conditions of tropical 
life and work* 

Description of Organisms. — Having obtained a pure 
culture of an organism the more important points to 
determine are as foUows : — 

(i) Size, shape and arrangement. Morphological 
appearance. 

(2) Motility. 

(3) Spore formation. 

(4) Anatomy. FlageUse, capsule, &c» 

(5) Staining reactions : (a) Simple stains ; (b) Gram's 
method ; (c) Ziel Nielson. 

(6) Growths on artificial media : (a) In broth ; (6) 
on gelatine ; {c) on agar. 

{7) Conditions : (a) Essential to growth ; (b) favour- 
able to growth ; (c) inimical to growth, 

(8) Chemical products : Gas formation and curdling 
of milk ; acid or alkali formation ; indol formation. 

(9) Reaction with blood sera, particularly with the 
blood sera of patients suffering from definite diseases* 

(10) Pathogenic properties. 

In organisms such as that of lepra, which cannot be 
19 
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cultivated, only a few of these points can be determined ; 
and the pathogenicity has not been proved experiment- 
ally, with a doubtful exception, as lower animals are 
insusceptible. It is inferred from the constant associa- 
tion of the organisms, identified by their staining reac- 
tions and appearances in the lesions resulting from the 
disease, and from the observation^ that they are not 
found except in this disease. 

We propose to take briefly the methods of observing 
these various points. The descriptive terms used with 
reference to them, the relative value and the limitations 
to the value of each point for diagnostic purposes will 
also be considered, 

(i) The size and shape of an organism is best observed 
in stained specimens, and any simple stain combined 
with a mordant will suffice. Films should be made on 
a slide or cover-glass. For this purpose with a culture 
in broth all that is required is to spread a drop with the 
platinum wire. If the culture is on agar or gelatine it 
should be rubbed up with a Uttle water (sterile), and of 
this emulsion a portion spread out with a needle. 

Preparation of Films, — If it be desired to make a film 
or smear from any natural fluid or excretion it may 
require the addition of a little water to make a satis- 
factory smear. From blood thick films may be used 
and decolourised by removing the haemoglobin with 
sterile water. Tissues should be cut with a sterile knife 
and the cut surface rubbed on the slide. 

The most difficult films to make are those such as 
sputum containing much mucus. The most satisfactoryj 
method is to use two slides and warm both. A portion 
of the mucus is transferred to one shde and this is 
warmed over a Bunsen flame or spirit lamp^ and a^ 
second slide is warmed at the same time. The second' 
warmed slide is used to rub the mucus on the first and 
is placed with the long axis at right angles to the 
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other, and the surfaces parallel and in contact. The 
slides are then separated and both are again warmed in 
the flame with the smeared side of each uppermost. 
They are again, whilst still hot, nibbed together with the 
smeared surface of the two in contact* This process is 
repeated till the films are nearly dry, when they are 
finally rubbed together harder. Good thin, dry films are 
easily and quickly obtained by this method. 

However the films are made they require fixation- 
This is best done by heat and is usually accomplished 
by passing through a smokeless flame three times, the 
smeared side always uppermost. Do not char the film. 

As many films are so thin that they are difficult to 
see when dry, it is well to mark the smeared side of the 
slide with a grease pencil. The staining fluid is simply 
placed over the film for the requisite time and then 
washed off. Stains used are Loffler's blue, five to ten 
minutes ; carbol thionin, five minutes ; carbol fuchsin 
or gentian violet for organisms that do not take other 
stains deeply, one to ten minutes. 

SCHIZOMYCETES. 

Definition. — The bacteria or Schizomycetes are uni- 
cellular vegetable organisms. Spores may be formed 
but not in specially differentiated cells. This separates 
the bacteria from moulds. 

Hyphomycetes which form spores in spe Jally differen- 
tiated cells. There is no sexual method of reproduction* 
Reproduction is by fission, not by budding as in the 
yeasts or Blastomycetes. 

Morphology. — The various shapes of bacteria usually 
described are Cocci or rounded or oval bodies, with the 
greatest diameter not more than twice the least* Micro- 
cocci is an alternative term. If division takes place in 
one direction only the organisms may remain attached 
in pairs, Diplococci, or in chains. Streptococci^ if a series 
remain attached. 
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In other cases division takes place in two directions, 
and we then find the organisms arranged in squares of 
four or multiples of four. Such growths are called 
Tetrads. Others divide in three directions at right angles 
to each other and form cubical masses, these are known 
as Sarcinm, 

A common arrangement is irregular growth in all 
directions, leading to an irregular mass or cluster of cocci^ 
the Staphylococci. 

Bacilli are cells that are rod-shaped. They are longer, 
at least twice as long^ as they are broad, and the shorter 
forms are distinguished from oval cocci by having the 
two sides parallel. By fission they may grow into long 
jointed rods — streptobadlli. 

Curved organisms are, when shorty known as vibrios^ 
when longer and more twisted as Spirilla or Spiro- 
ck^ta. 

Leptotkrix.~Rod-shn.ped, filamentous forms showing 
differentiation between base and apex^but not branching. 

Streptothfix, — Filamentous forms showing true branch- 
ing. These form the connecting link between the Schizo- 
myceies and the Hypkomycdes, 

Measurements are made as for other minute bodies. 
Some organisms readily change their form with varia- 
tions in the condition under which growth has taken 
place. If the variations are great the organism is des- 
cribed as " pleomorphic," Slight variations occur in all 
organisms, so that morphological characters alone are 
not to be relied on, 

(2) Motility, — This can only be observed in living 
cultures, though it can be inferred for organisms which 
are shown to have flagella. The motion of motile organ- 
isms must be clearly distinguished from the oscillatory 
movement — Erownian movement — common to all minute 
particles suspended in fluid. 

It is best observed in a " hanging drop " preparation. 
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This is made by msiking a thick ring with vaseUne on a 
slide and taking a dean cover-glass, rather longer than 
this ringj and placing near the centre a small drop of 
the culture of living organisms to be examined. The 
slide is then taken up and turned so that the vaseline 
ring is directed downwards, and is gently brought into 
contact with the cover-glass so that the drop of culture 
on the cover is in the centre of the ring of vaseline. 
The cover will adhere to the vaseline ring and form a 
sealed chamber, and when the slide is turned over agiin 
the drop will hang from the lid of this chamber, the 
cover-glass, and can then be examined. If the tempera- 
ture is so high that the vaseline runs, lard can be 
substituted for it, 

The organisms are colourless and transparent and 
difficult to focuSj so that the hght must be reduced by 
nearly closing the iris diaphragm. Either " i or J^ " 
oil immersion objective may be used. It is well to focus 
first on to the edge of the vaseline ring and then move 
the slide towards the drop, keeping the droplets of water 
of condensation which usually form on the under surface 
of the cover-glass in focus till the edge of the drop is 
reached. With a little practice and a dim light the 
organisms can then be brought into focus and the presence 
or absence of automatic motility determined. 

This property, though an important point of difference 
between some organisms that closely resemble each other 
morphologically^ is subject to considerable variation, and 
the degree of motility in motile organisms varies from 
slight causes, such as slight difference in temperature^ 
reaction of the medium, &c. 

{3) Spore Formation, — All the micro-organisms repro- 
duce by fission, but some of them also enter into a 
resting stage — spores. This resting form is much more 
resistent to agencies, chemical, heat, &c», whidi destroy 
organisms, so that spores will withstand for some time 
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temperature of boiling water, though the active phase 
of the organism is at once destroyed. 

Some organisms form spores very readily, others only 
under certain circumstances not thoroughly understood, 
and many pathogenic and other organisms do not form 
spores under any known circumstances. 

The spores can often be recognised in the living culturej 
as they are usually more highly refractile as well as rounder. 
For the demonstration in dried films advantage is taken 
of the fact that spores stain with greater difficulty, but 
retain their stain, when stained, better than the organ- 
isms from which they were derived, A simple method 
is to stain with warm carbol fuchsin for five minutes. 
This much overstains both spores and bacilli. Treat 
rapidly with 2 per cent, sulphuric acid ; this, if done 
rapidly, will leave the spores stained, but remove the 
stain entirely from the bacilli. Wash well to remove 
the last traces of acid and counterstain with LofHer's 
blue for ten minutes, or carbol thionin. The spores will 
be stained by the fuchsin and the bacilli blue by the 
methylene blue or thionin. 

This method is successful for most spore-forming 
organisms. 

(4) Certain points in the anatomy of organisms are 
sufficiently definite to be of use in diagnosis. 

Some organisms have a thick capsule which does not 
stain deeply with basic stains, or not at all* 

The simplest method of demonstration is to stain the 
film with carbol fuchsin and to examine in water^ not 
in Canada balsam. The organism is surrounded by a 
dear space, and the capsule with a defined edge can usuallyJ 
be seen, 

Welch treats the film with 2 per cent, acetic add, which^ 
causes the capsule to swdl and enables it to take the 
stain, and then after removal of the acid stains with 
aniline gentian violet for five to thirty seconds. Cap- 
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sulsited organisms often lose their capsules in culture^ 
but the presence or absence of a capsule, as seen for 
instance in sputum, is of value, 

A cell wall is probably present in bH the organisms, 
but it is difficult to demonstrate. In some, howeverj 
it is fairly well marked* It is best shown after the cell 
contents have been caused to shrink by salt solutions 
or iodine solution (plasmolysis). 

Flagdla, — Most motile organisms have been shown to 
have flagella. They are variable in number, and whilst 
the vibrios have usually only one or two the motile 
bacilli may have large numbers. The number of 
flagella is of some value in the differentiation of species, 
and the presence, absence, or plan of arrangement is 
of differential value in grouping organisms. 

The methods of demonstration cannot be considered 
as satisfactory or easy, and there is considerable uncer- 
tainty in the results ; they are all troublesome^ The 
two common methods successfully employed are Muir's 
modified Pitfield and MacCrorie's. 

By Muir's method the mordant employed is composed 
of:— 

Tannic acid 10 per cent, aqueous solu- 
tion . , • , • . . - * , 10 cc. 
Corrosive sublimate saturated aqueous 

solution . . . , . . . > 5 CO, 
Alum saturated aqueous solution . . 5 cc* 
Carbol f uchsin . . .. , , . - 5 cc. 

This is well mixed, allowed to settle, and the clear 
fluid decanted off and centrifugalised. This mordant 
keeps for about a fortnight, but must be centrifugalised 
every time before use. 

The stain employed is composed of a saturated solution 
of alum, 25 cc, with 5 cc. of alcoholic gentian violet 
saturated solution. This must be prepared immediately 
before use. 
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The smears should be made from agar cultures, twelve 
to eighteen hours old, emulsified with a little distilled 
water. Spread veiy gently on a cover glass, freshly 
flamed to free from grease. Hold in Comeths forceps 
(fig. 122), being careful that the film side corresponds to 
the fenestrated side of the forceps^ otherwise mistakes 
as to which is the film side may occur. 

Allow the film to dry in air and fix by passing through 
the flame* Cover with the mordant and heat till it 
steams for two minutes. Wash well in water and dry 
carefully. Pour on the gentian violet stain and heat 
till the staining fluid steams for two minutes. Wash 
in water, dry and mount in Canada balsam. 






Fig. 122. 



This method requires the use of a centrifuge, but gi\-^es 
a large proportion of successful results. 

MacCrorie's method is simpler, A single stain com-- 
bined with a mordant is used for staining the flagella 
and the bacilli are counterstained with carbol fuchsin. 
The stain is composed of ; — 

Night blue saturated alcoholic solution lo cc 
Potash alum saturated aqueous solu- 
tion . . . . . . . . - . ID CC. 

Tannin lo per cent, aqueous solution. . lo cc. 

Gallic acid i or 2 grammes improves the solution. 

Films from young agar cultures are prepared as above 
and the stain is placed on the film for five minutes 
slightly warmed. It must be flushed off with running 
water or a thick dirty deposit will be left- Counter- 
stain with carbol fuchsin^ dry and mount. 
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(5) Differentiation by Methods of Staining.- — The three 
main methods of diagnostic value are first the effect 
of simple stains. There is great variation in the ease 
with which different organisms take up stains, and this 
difference is sometimes of value. Some organisms do 
not stain uniformly, and such differences as preferential 
affinity of stains for the ends of a bacillus, bi-polar stain- 
ingj is one of the characteristics of the plague bacillus. 
In cultures organisms frequently lose their characteristic 
staining reactions. 

Of greater value are two special methods. 

Gram's method is based on the fact that some organ- 
isms will retain their stain when treated with alcohol 
iff after staining, they are treated with a solution of 
iodine. Such organisms as retain the stain when treated 
by Gram's method are said to " stain by Gram/' A 
freshly-prepared solution of gentian violet in aniline 
water is made by shaking up a few drops of aniline oil 
with water and filtering. To this is added drop by drop 
an alcoholic solution of gentian violet till a metallic film 
begins to form on the surface. With this stain the 
fixed film is stained for five minutes. (If now treated 
with alcohol the stain would be completely removed 
from ail the organisms,) 

In some organisms the addition to the film of Gram's 
iodine solution, composed of iodine, potassium iodide, 
and water, for two minutes, will fix the stain in these 
organisms so that when the film has been treated with 
alcohol they still retain the purple colour, whilst it is 
removed from everything else- Such organisms are said 
to " stain by Gram.'* 

The alcohol is kept on till it ceases to remove any 
more colour and not longer^ as in time it will remove 
the stain even from the organisms which stain by Gram* 

It is convenient instead of using a plain alcohol to 
use an alcoholic solution of eosine ^ per cent., as then 
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organisms which do not stain by Gram will be stained 
faintly by the eosine. This is of most use when working 
w^ith a mixture of organisms, such as is met with in many 
secretions, &c* 

For sections it has the additional advantage that it 
does not require such prolonged treatment with alcohol 
as is required if alcohol is first used to decolourise and 
then again for counterstaining. 

Most of the pyogenic cocci, the organisms usually found 
in suppuration, stain by Gram* Many of the organisms 
associated with intestinal and other diseases do not 
stain by Gram. 

A comparatively small number of groups of organisms 
are described as acid fast, because when once stained 
they retain the stain even after treatment with fairly 
strong, 25 per cent,, solutions of the mineral acids. 
Hydrochloric or sulphuric acids are those used. 

The method employed is to use a strong basic stain 
such as fuchsin in a i in 20 solution of carbohc acid in 
wateFj and either to stain in the cold for some hours, or 
more conveniently to warm until the carbol fuchsin 
steams, and then keep warm for five minutes. 

This is conveniently done on the slide. The film is 
fixed as usual and covered with the carbol fuchsin. The 
slide is placed on a copper which has been warmed in 
the flame and left there, fresh stain is added if evapora- 
tion is too rapid or the stain shows signs of boiling. 

The stain is flushed off and replaced by a 25 per cent. 
solution of sulphuric acid. The pink colour disappears 
and is replaced by a yellow. The film is again washed 
and if still pink again treated with sulphuric acid. This 
is repeated till on washing at the most a faint pink colour 
returns. I 

The specimen is well washed in water to completely 
remove the acid and counterstained with Loffler's blue 
for five minutes. Wash, dry, and either examine 
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directly by placing a drop of oil on the film or mount 
in Canada balsam. The acid-fast organisms retain the 
red colour of the fuchsin whilst other organisms are 
stained blue by the methylene blue which is nsed as the 
count erst ain. 

In tropical work it is important only to use fresh 
carbol fuchsin. The solution keeps well in England, 
but in the Tropics it deteriorates so that sometimes in a 
week or so, and at others in some monthsj it ceases to 
stain well. 

The more important members of the acid-fast group 
cannot be cultivated in the simpler media. It will 
therefore be convenient to consider these organisms here. 
There are four main groups of the acid-fast organisms, 
which will be considered under the heading of the best- 
known member of the group : — 

(i) Tubercle; (2) lepra; (3) smegma; {4) Timothy 
grass. 

Some forms of the Siteptoihrix group are also "add- 
fast." 

(i) The tubercle group includes the organisms 
found in tuberculosis, in mammals, birds and reptiles. 
The organisms can be cultivated on blood serum 
and nutrient glycerine agar, or in glycerine veal 
broth. Growth is slow and much affected by the 
temperature. The preferential temperature is that 
of the animal from which the organisms were 
obtained. 

The mammalian, avian and reptilian tubercle 
bacilli therefore grow at different temperatures and 
are only pathogenic to mammals, birds and reptiles 
respectively* Some authorities hold that they are 
modifications of one and the same organisms and 
that they can, by suitable methods^ have their 
characters altered so that the differences disappear. 
By most authorities the three axe considered to be 
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specifically distinct, and some go further and do 
not admit the specific unity of the tubercle organ- 
isms in different mammals. Koch holds that bo\nne 
and human tuberculosis are distinct on the ground 
that their pathogenicity varies. 

Tubercle bacilli in man are found in the secre- 
tions or excretions from an infected organ and 
therefore may be found in sputum, urine, &c. 
They I usually set up a granulomatous new growth 
which has a marked tendency to caseate and break 
down. The organisms may be in large numbers, 
but in some situations, such as the skin, bones, &:c., 
they are usually found only in small numbers* They 
are found but rarely in the blood. 
^ (2) The Lepra Bacillus is the only representative 
known of this group. It cannot be cultivated on 
artificial media, and all experiments at inoculation 
of lower animals have failed. The organisms are 
found in extraordinary numbers in leprous tubercles 
in the skin, and when these ulcerate, in the discharges 
from these ulcers. Before ulceration the bacilli can 
be readily demonstrated, by compression with a 
clamp of a tubercle or portion of infiltrated skin. 
On pricking this, serum loaded with the baciHi will 
exude. The bacilli are not found in ulcers or sores 
in purely nerve leprosy, as in that form they 
are present in the nerve sheaths and the ulcer or 
necrosis is not due to the breaking down of a 
leprous granuloma or of tissues infiltrated with 
the organisms. 

One of the most constant natural discharges to 
contain the bacilli is the mucus discharged from 
the nose. It is also one of the earliest manifesta- 
tions in many cases, including some of nerve or 
anaesthetic leprosy. By some it is believed that 
the earliest and most constant lesion of leprosy of 
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all forms is a deposit in or below the nasal mucous 
membrane. 

Various differences in si^e, staining reaction, &c., 
between lepra and tubercle bacilli have been de- 
scribed, but they are not sufficiently marked or 
constant to be of diagnostic value. The most im- 
portant diagnostic point in films of mucus in 
leprosy is the aggregation of the bacilh into small, 
dense clumps, in many cases still retaining the out- 
line of the cell in which they grew. In sections of 
skin the extraordinary profusion of the organismSj 
as well as the aggregation into compact masses, is 
characteristic of lepra bacillus as opposed to human 
tubercle. In some of the lesions of avian tubercle 
a similar grouping may be found, 

(3) Smegma Bacilli. ^Thi^ group probably in- 
cludes several species. In most specimens of 
smegma the organisms, though truly acid fast, are 
decolourised by alcohol, that is, they are not alcohol 
fast. Some varieties, however, do not lose their 
stain in alcohol and are^ like the tubercle, both acid 
and alcohol fast. This organism has been the cause 
of frequent mistakes in diagnosis, as urine easily 
becomes contaminated with this bacilluSj and it may 
readHy be mistaken for that of tubercle and a diag- 
nosis of urinary or renal tuberculosis given. In the 
majority of cases the use of alcohol as well as of 
acid will prevent this mistake, but as some speci- 
mens of the smegma, including Lustgarten's so- 
called syphilis bacillus, are also alcohol fast, the 
possibility of the confusion should be avoided by 
using the catheter. 

{4) The fourth group, of which the Timothy grass 
bacillus, or B. Phlei, is taken as the type, are the 
only organisms of this group ^which grow readily 
on abnost any medium. They are found on several 
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species of grass used as fodder and may be found 
in enormous numbers in the fseces of cattle. As a 
consequence they are often found in milk and pro- 
ducts, such as butter and cheese, derived from milk. 
Several varieties or species have been described. 
This group is of economic importance^ as cattle have 
been condemned as tuberculous on the grounds that 
acid*fast bacilli were found in the stools and milk j 
butter and cheese have also been condemned on 
this insufficient reason. These organisms are not 
pathogenic. 

(6) With organisms that can be cultivated the growths 
on artificial media, nutrient broth^ gelatine or agar, differ 
in some cases sufficiently to be of diagnostic value, and 
in any case the character of the growth is one of the 
properties of an organism that requires description. 

Cultures may be made on plates as in the separation 
of different organisms, or, and more conveniently, in 
tubes. The growths in fluid media are made by taking 
on a sterilised platinum loop a portion of the culture 
and inoculating the tube. The nature and character 
of the naked-eye appearance in the broth at varying 
periods should be described. The temperature at which 
the cultivation is made must also be noted where incu- 
bators are available. Blood heat 37"" C. and 21° C, are 
the most convenient, and terms like *' room temperature " 
should be avoided. In many tropical countries the 
temperature of the air will range from 25'' to 30° C, and 
satisfactory growths of the more important organisms 
can be obtained. In a description of the growths 
at these tempertaures a result intermediate between 
those at incubator temperatures wiU be obtained. All 
cultivations when made must be carried on in the 
dark. 

The points to be observed in a broth culture are the 
surface, whether covered with or free from a film or 
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pellicle. In the body of the fluid note if the fluid U 
turbid and the degree of turbidity, if not turbid whether 
quite clear or with floating particles ; the presence or 
absence of a precipitate andj if one be present^ whether it 
is composed of a uniform fine deposit or if in separate 
masses. Any change in colour, and bubbles from forma- 
tion of gas, must be further noted. 

On solid media the growths may be observed on plates 
or in tubes. In tubes the growths can be seen on sloped 
cultures by drawing the inoculated platinum loop over 
the surface of the medium obtained by placing the tube, 
whilst the medium was still liquid, in a sloped position 
and allowing it to set, or in stab cultures. In these the 
medium is allowed to set with the tubes vertical. An 
inoculated wire, not a loop, is plunged steadily into the 
depths of the medium and withdrawn without sphtting 
the medium. 

The appearance of the separate colonies is most im- 
portant. There are great diversities in the appearance 
of growths on solid media, and an accurate series of 
defined terms for descriptive purposes is much needed. 
Such a series of descriptive terms has been drawn up 
by Chester, but many of the terms will probably not be 
generally accepted and they are used at present by few 
bacteriologists. 

In any description the points to be noted and described 
are the size of the individual colonies, their shape, the 
character of the edge, their elevation, whether raised or 
depressed, and a detailed account of the character of 
the surface* The microscopic appearances of the colony : 
if transparent, whether highly retractile or not, and if 
not clear whether opalescent, finely or coarsely granular, 
or irregularly blotchy. Any colouration, either of the 
colony itself or the surrounding medium, must be noted. 
In some organisms the different colonies remain distinct 
even when in contact, whilst with other organisms adjoin- 
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ing colonies readily grow together or become confluent. 
In growths on gelatine the presence or absence of signs 
of hquelaction in the surrounding medium is a point of 
the first importance. 

In stab [cultures any surface growth must be noted, 
as^weU as the more important growth in the line of 
puncture. 

It may be uniform^ finely or coarsely granular, com- 
posed of numerous fine or coarse colonies which remain 
discrete and are not confluent^ or of large masses. 

Extension into the gelatine in the neighbourhood of 
the puncture may take place, and the character of these 
extensions, whether as knots or as fine filaments, or in 
an irregular arborescent manner, is worthy of attention* 

If liquefaction, in a gelatine medium, has taken place 
it will be well shown. It is usually most abundant in 
the upper part of the line of puncture, but with organ- 
isms that grow best in the absence of air will be more 
conspicuous in the depths* 

Air bubbles along the line of puncture, indicating 
formation of gas and any colouration of the growth or 
of the medium, must be noted, 

The amount of growth that takes place in a given 
time as compared with other organisms, or similarly 
the relative amount of liquefaction, gas formation, &c., 
in the time, is an aid in distinguishing allied or similar 
organisms, though hable to be modified with different 
strains of the same organism. 

There is no cultural characteristic that cannot be 
modified by frequent subculture, culture under different 
conditions of temperature, reaction of medium, and other 
influences. The cultures of some organisms vary more 
than those of others. The information gained as to the 
character of growths, therefore, though of considerable 
value, has to be considered with other properties of the 
organisms. 
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Cultures on milk, potatoes, &c,, axe of more diagnostic 
value in cases of some speci'&.l organisms. 

{7) One of the conditions affecting growth of micro- 
organismSj the effect of oxygenj is of special practical 
value. 

Some organisms will only grow in presence of oxygen ; 
such organisms are strictly aerobic. Others will not grow 
at all in the presence of oxygen^ these are said to be 
strictly anairobic. The largest number of bacteria are 
intermediate between the two and are termed facul- 
tative anaerobes. 

Aerobic organisms grow readily under the ordinary 
conditions, as even in stab cultures there is usually 
sufficient oxygen present for the commencement ol 
growth. 

Anaerobic organisms are most easily grown in stab 
cultures of glucose, agar or gelatine, or in glucose formate 
agar made by adding '02 per cent. sod. formate to glucose 
agar (Kitisato). The tubes must have been freshly 
boiled to expel air from the medium, and the stab should 
be made with a fine needle so as to carry down as little 
air as possible. After the needle is withdrawn the upper 
part of the medium should be heated so as to melt it and 
seal the opening made by the needle. 

It must be remembered that though growth of 
anaerobic organisms does not take place in presence of 
air, the organisms, and particularly the spores, may 
retain their vitality and grow if transplanted into more 
favourable conditions. 

(8) The chemical products of organisms vary both 
with the nature of the organism and the character of 
the medium. Gas formation is one of the easiest to 
determine, but it is also necessary to have in the medium 
some substance from wliich the gas is to be formed. 
The sugars are valuable for this purpose, and it wiU be 
found that wlnlst one organism will form gas from either 
20 
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glucose or lactose another will form gas only from 
glucose. 

Another manifestation of chemical activity is the 
formation of acid or alkah. 

Formation of acids and gases are of particular im- 
portance, as so many of the organisms found in the 
intestine either form gas and acid from glucose or form 
acid only. 

The formation of gas can be shown in most stab pre- 
parations as bubbles of gas form along the needle track. 
It is better shown by melting the gelatine, Ofj better, 
glucose gelatine, and rotating the tube alternately in 
opposite directions after inoculation. Such a prepara- 
tion is known as a ''shake culture/' and after it has set 
and grown bubbles of gas will be formed all through the 
medium. 

A better method that can be used with fluid media is ' 
to place in the medium a small inverted tube, Durham's 
tube. During sterilisation of the medium the gas will 
be expelled from this small tube which will be completely 
filled with the fluid medium. If the tube be inoculated 
with an organism that forms gas from the medium the 
small inverted tube will catch the gas as it ascends and, 
according to the amount contained in the tube, will float 
above the surface. 

Gas formation from glucose is one of the characteristics 
of some of the commoner intestinal bacteria. 

Acid formation can be shown by using a neutral orl 
shghtly alkaline medium coloured with litmus ; the 
formation of acid is sliown by the change in colour of' 
the litmus. 

Most of the intestinal bacteria form acid readily. An 
ingenious application of these properties of the intestinal 
organisms is that of MacKonkey for the detection of 
fsecal contamination of water^ milk and other substances. 
He uses Durham's tubes and employs a medium con-J 
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taining bile salts. Bile salts inhibit the growth of many 
organisms, but are favourable to the growth of intestinal 
bacteria. 

The medium he employs is composed of : Peptone, 20 ; 
salt, ^5 ; sodium taorocholate, '5 ; water, 100 ; to which 
is added glucose or lactose in the proportion of '5 per 
cent. The medium is neutral and is coloured with neutral 
litmus, A Durham's tube is placed in the test tube 
containing the medium and during the three sterilisations 
required will be filled with the medium. 

A measured amount of the water, &c., to be tested 
is added and the tube incubated at preferably 42"^ C, 
for twenty- four hours. All the organisms so far tested, 
which in this medium produce acid and gas, are inhab* 
it ants of the intestinal tract. 

Those which form acid only are mainly, but not en^ 
tirely, pathogenic or non-pathogenic intestinal organ 
isms. Of the other organisms many will not grow in 
the medium at all, or in the medium at the temperature 
of incubation, or if they do grow form neither acid nor gas. 

If, therefore, neither acid nor gas is formed the evidence 
is strong that there is no living f^cal contamination. If 
acid alone is formed it Is doubtful whether there is such 
contamination. If acid and gas are both formed there 
is strong probability that the water, &c,, is contaminated 
with organisms that are inhabitants of the intestinal 
tract, 

Indol formation is another important chemical pro- 
duct of some bacteria. A simple medium is required, 
and plain peptone water made by boiling 10 grammes of 
peptone and 5 grammes of salt in a litre of water is the 
medium usually employed. This should be filtered and 
^terihsed as usual. 

The tube of this medium should be inoculated with 
the organism to be examined and incubated for at least 
twenty-four hours. Other tubes inoculated at the same 
time are incubated for longer periods. 
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To this culture a little pure sulphuric acid is added ; 
a red colour developes in a few minutes if mdol and a 
nitrite have been formed. 

If the colour remains unaltered, three or four drops of 
a '05 solution of sodium nitrite should be added to the 
mixture^ and if a red colour now developes indol alone 
has been formed, YeUow-forming nitric acid which 
contains traces of nitrites may be satisfactorily used 
instead of nitrite. 

Amongst other chemical products are ammonia, 
alcohol, phenol, sulphuretted hydrogen, and the sub- 
stances which cause curdling of milk, 

(9) Certain pathogenic organisms effect a change in 
the blood serum of persons infected with these organisms, 
so that the serum contains substances which, when mixed 
with a living culture of the organism, cause loss of motility 
of the bacteria, and also cause them to aggregate in 
little clumps or masses. This aggregation is called 
agglutination^ and the serum which causes this agglu- 
tination is said to contain agglutinins. 

The application of the test is simple* The blood 
serum, free from red corpuscles, is obtained as has been 
already described and diluted with sterile broth to a 
known extent, ten, twenty, thirty or more times. Some- 
times the blood is sent in capillary tubes or the serum 
has not well separated. In such cases to obtain clear 
serum it is necessary to use the centrifuge (fig, 123 )< 
This diluted serum is mixed with an equal volume of 
a living active culture of the organism to be tested and 
the mixture examined as a hanging-drop preparation. 
Lobs of motion of the organisms and agglutination 
should take place within a certain time limit and a 
control made by using the same dilution of normal 
blood serum with more of the same culture. This 
action of the serum on the organisms is specific and 
affords a means of proving the co-relation of the organism 
and disease. 




The converse of this test is to use a culture of an 
organism to test the serum reaction of a patient sus- 
pected to be suffering from the disease which the organism 
can cause. Typhoid and Malta fever are the disease 
in which the action is most decisive. This appHcation 
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of the principle is known as the agglutination test, or 
the Griinbaum-Widal or Widal reaction. 

In the apphcation of the hanging-drop method the 
serum may be diluted in Wright's tubes or by a number 
of loopfuls of broth being added to a loopful of serum 
and well mixed. With a dilution of i in 20, one loopful 
of serum is mixed with nine loopfuls of broth, and of this 
mixture one or two loopfuls are mixed with one or two 
loopfuls of an active culture giving a dilution of i in 20, 

If higher dilutions, say l in 100, are required, it would 
be inconvenient and tedious to mix one loopful with 
ninety-nine of broth. It is easier to make a dilution of 
I in 10 and dilute one loopful of this dilution with nine 
of broth, which gives the same dilution more quickly. 

The gradual loss of motility and aggregation of the 
organisms can be watched under the microscope in the 
hanging-drop preparation. 

Many observers prefer the macroscopic demonstra* 
tions of the same effect. This is done by aspirating 
into a tube a mixture of serum diluted to the required 
extent with broth mixed with an equal quantity of 
active broth culture. The mixture of culture and diluted 
serum is drawn up into a narrow tube and placed ver- 
tically in the incubator. The organisms vnll lose their 
motihty and aggregate into a mass and fall to the bottom 
of the fluidt leaving the superjacent fluid clear and free 
from turbidity^ in marked contrast to the control which 
will still remain turbid. 

This method is known as the '* sedimentation test." 

There are many fallacies which may occur in connec- 
tion with these tests. The culture must be an active 
one and young. A control with serum of normal blood 
must be made and the dilution must be sufficient. 

Some strains of the organisms agglutinate more readily 
than others, and even with diluted serum of normal 
blood agglutination may take place if the organisms are 
grown on unsuitable media. 
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The change in the serum is a persistent one, so that 
a positive reaction in the case of a person who has had 
a previous attack of typhoid or Malta fever gives no 
information as to his present condition. 

{10) The pathogenic properties of an organism are 
shown by the effect of inoculating a susceptible animal 
with the organism in pure culture if possible. Where 
that is not possible, with fluid containing as few other 
organisms as possible. 

In some instances^ as in tuberculosis, the similarity of 
the lesions produced by a similar organism naturally 
occurring gave a ready guide to susceptible animals. 
In others a series of animals had to be used to find a 
susceptible host. Rats, guinea-pigs and rabbits are the 
animals most commonly used, but in other cases mon- 
keys, dogs, cattle and horses have had to be employed. 
No such experiments can be made under the Vivisection 
Acts without a license, and in any case there are so many 
difficulties and fallacies that without a thorough study 
of these and of the methods employed the results 
obtained would be valueless. 

Material used for injection may be :— 

(i) Pure cultures of an organism. 

(2) Products formed by bacteria in solution such as 
toxins. 

(3) Fluid excretions, secretions and portions of diseased 
tissues. 

The injections are usually made with strict antiseptic 
precautions into the subcutaneous cellular tissues. With 
fluid cultures there is no special difficulty. Cultures on 
solid media require to be emulsified with sterile saline 
solution. Solid tissues, portions of spleen, &c., should 
be rubbed up in a sterile mortar with a little sterile broth 
and then injected. Occasionally a small mass of solid 
tissue is inserted into an aseptic pocket made under the 
skin for the purpose, and the wound closed by a sealed 
dressing such as gauze and collodion. 
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In other cases the injection is intramuscular or intra- 
peritoneal. 

The results of inoculations are not always conclusive. 
The resulting disease^ even in a susceptible animal, may 
show very little resemblance to the disease caused by 
the same organism in man or other animals. 

An organism that is pathogenic may by successive 
cultures lose its virulence, and be with some animals 
non-pathogenic, whilst on the other hand, if passed 
through a series of animals, the virulence may be 
increased. 

Koch*s postulates are that : — 

(l) The organisms must be found in the tissues, fluids 
or organs of the animal affected with the disease. 

(z) The organism must be isolated and cultivated 
outside the body on suitable media for successive 
generations, 

(3) The isolated and cutivated organism on inoculation 
into a suitable animal should reproduce the disease. 

(4) The same organism must be recoverable from the 
inoculated animal. 

These in the main are still considered sound, though 
not praticable for all organisms, as some cannot be 
cultivated ; for otiiers no susceptible animal is yet 
known, and in some of the lower animals, though a disease 
is produced by the injections it bears little or no resem- 
blance to the human disease under investigation. 

One disease due to a Streptothrix is of special importance 
in the Tropics^ — madura foot. It occurs in India, Straits 
Settlements, East Africa, British Guiana, and Cuba, but 
is probably to be met with all through the Tropics. 

Clinically it is a chronic disease which causes much 
swelUng of a firm fibrous nature and destruction of the 
tissues, with the formation of sinuses discharging watery 
or oily-looking fluid. In some cases in this discharge, 
white, black or pink granules, visible to the naked eye, 
are foundj and these are masses of the mycelium of the 
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fungus. In other cases these granules are very rare, 
and only the branching filaments of the mycelium are 
found ; in still other cases these may also be absent, 
though in sections of the^tissue the myceUal clumps are 
to be seen. 

The organism is characterised by the formation of 
dense clumps of mycelium formed of the branching 
filaments of the Streptoihtix mycetoma. The ends of 
the filaments at the edges of these masses degenerate 
and become swollen, forming the so-called clubs. 

The organism will grow on any of the ordinary media, 
forming limpet-shaped masses. 

In general character the mycetoma resembles the 
Streptothrix of actinomycosis, but it does not stain by 
Gram, does not liquefy gelatine, and the "clubs" are 
rounder. 

The clumps take any of the ordinary basic stains, 
including hasmotoxylin, and either this stain or carbol- 
thionin is to be recommended to show the organism in 
sections. 

The clumps of the mycelium set up changes in the 
tissue so that the growths are surrounded by a mass of 
newly-formed tissue of the granulomatous type. 

At the periphery of the masses of this growth is mnch 
badly-formed fibrous tissue, and the centre is often 
broken down. It is in the breaking down of this granu- 
lomatous tissue that the mycelium clumps are liberated 
and are discharged with the fluids from the sinuses. 

Fungi {hyphomycetes), — Of the various fungi which 
attack the skin and hair some are widely distributed, 
though more common and luxuriant in their growth in 
the Tropics. Pityriasis versicolor comes under this head, 
OtheiSj like Favus, may be common in some places, but 
as in temperate climates, are of limited distribution. 
The commoner fungi attacking the hair of the head are 
unknown in many tropical countries. The only fungus 
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of this class at present recognised as peculiar to the 
Tropics is a cutaneous ringworm. Tinea imbricaia^ charac- 
terised clinically by the large size of the epidermal scales, 
separated, and the tendency to form geometrical patterns* 

For the demonstration of the fungi causing these 
various affections the older method consisted in soaking 
the hair or scales in a 7 per cent* solution of caustic 
pctash, which rendered the keratin dear and transparent, 
whilst the fungus was less affected and could be clearly 
seen. This method causes swelling of the fungus and 
spores, and therefore is not suited for the differentiation 
of the varieties or species of fungi. 

A modification of Gram's method of staining gives 
more useful results but is slow, The hair or scale is 
stained in gentian violet aniline water for five minutes 
and dried with blotting paper. It is then treated witJi 
Gram's iodine solution for two minutes and again dried 
with blotting paper* It is then covered with aniline 
oil to which a little iodine has been added and left tiU 
the fungus can be seen. It should be examined from 
time to time under the microscope, as though the process 
is slow, ultimately even the fungus will be decolourised. 
Do not wait till all the tissue is clears but when nearly 
so treat with aniline oil and clear in xyloL Mount in 
xylol balsam. 

The points to observe are the arrangement of the 
growth^ whether inside or outside the hair, scale, &c., 
the presence and the size of the spores. The nomencla- 
ture of these fungi is based on these points. According 
to the seat of growth of the fungus it is an ecto- or 
endothrix, and microsporon or megalosporon according 
to the size of the spores. 

These ringworms are true fungi. The fungi are multi- 
cellular organisms composed of filaments, either simple 
or branched, or jointed or unjointed. These filaments 
are called kyph^, and if they project into the air are 
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aerial hypk^B, or down into the substance of the medium 
they are known as submerged hyphm. 

They frequently form a compact mass — a mycelium — 
and if this form is a hardj dense mass it is known as a 
sclerotium. Sexual reproduction as well as reproduc- 
tion by fission has been proved to occur in most mem- 
bers of the group. 

These fungi include the ordinary moulds, and some, 
such as ergot, form compounds which, when eaten, are 
poisonous. 

In addition to the cutaneous fungi which cause tlie 
true ringworms {Tinea)^ fungi may be found in mouth, 
ear or nose, as well as in pulmonary cavities. These are 
secondary growths. Occasionally, particularly in bird- 
rearerSj who take uncooked grain in their mouths, a true 
pneumono-mycosis occuis. 

It is possible that some cases of madura foot, the 
black variety, are due to a fungus and not to a strep- 
tothrix. 

The tropical fungi, aerial and otherwise, have so far 
received little attention and should offer a fruitful field 
for research. Most of the fungi grow readily on nutrient 
media, but best if a sugar be added. Maltose is the most 
suitable for the fungi of the ringworms. 

Many of the aerial fungi will not grow at high tem- 
peratures, such as blood heat, though they flourish at 
lower temperatures. 

Yeasts, or blastomycetes, are frequently found in the 
mucous cavities and occasionally in ulcers or other ^skin 
lesions. They are distinguished from bacteria not only 
by the method of reproduction but also by their greater 
size. In some species endospores are formed, but these 
are multiple in each cell and not single as in bacteria* 

The yeasts are of considerable interest, as alcoholic 
and other forms of fermentation are due to their agency. 
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Measurements. 

Measurements of the various eggs, parasites, and 
normal and abnormal cells are of considerable import- 
ance and are easily made. 

The simplest and most satisfactory method of micro- 
scopic measurement is by drawing to scale, which can 
be readily done by the use of a camera lucida or draw- 
ing camera. A micromillimetre scale is used as an 
object, and with the microscope vertical the scale as 
it appears through the camera lucida is drawn on a 
piece of paper. Gowers' h^mocytometer slide, which is 
divided into j^^j mm., may be used instead of the micro- 
millimetre scale, or any other will suffice. This drawing 
of 5^ mm, must be further subdivided by compasses. 
This gives the scale, and it must be determined for each 
objective. Provided that the distance of the paper 
from the camera lucida is constant, which is best ensured 
by working with the microscope vertical and the paper 
on the table, a scale once drawn can always be used* 

The tube must always be used the same length. 

To measure an object, all that is needed is an outline 
drawing through the same camera lucida, and the appli- 
cation of the scale to this drawing wiU give the measure- 
ments. 

Another simple method is by the use of a micrometer 
eye-piece. On a glass disc a scale is drawn and this is 
placed in the eye-piece so as to be accurately in focus 
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by the anterior lens. The disc rests on the diaphragm, 
which can be moved so that the scale is sharply focussed. 
A measured scale is then placed on the stage. As before, 
Gower*s haemocytometer scale may be used instead of the 
micromillimetre scakj and the number of the divisions 
in the micrometer eye-piece which correspond to tn milli- 
metre or a multiple of it with the different objectives 
is noted. With the tube at constant length the value 
of the divisions in the micrometer eye-piece so deter- 
mined is constant for each objective. In measuring, the 
object to be examined is placed under the microscope 
and the measurements in terms of the micrometer scale 
determined, and from these the real measurements 
calculated. 

For simple diameters the micrometer eye-piece is 
perhaps the most convenient^ but for irregularly-shaped 
bodiesj and particularly for such objects as filarias, the 
use of the camera lucida is easier, quicker and more 
accurate. 

By either of these methods all that is required to 
meELsure an object, once the scales are made, or the 
equivalent in micromillimetres of the eye-piece scale 
determined, is to change the eye-piece either for the 
camera lucida or for the eye-piece containing the micro- 
meter scale. 

Measurements may be represented as decimals or 
fractions of a millimetre, but in many ways it is more 
convenient to take as the standard xnW oi a millimetre 
— a micromillimetre — -usually indicated by the Greek pi. 

If no scale is available to standardise the micrometer 
eye-piece or drawings^ results by relative measurements 
can be taken and subsequently standardised, A con- 
venient rough standard is the average diameter of a red 
corpuscle, which is about 7—8 /i, 

Esiimaiion of Corpiisdes, — For the determination of 
the number of elements in a given volume of iiuid, as 
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for instance the number of red or white corpuscles in 
blood, it is usually necessary to dilute sncli a fluid to a 
known extent so that the number of elements in any 
given volume can be counted. 

Such a dilution maj^ be made in a graduated pipette 
by drawing up a given volume of fluid and as niany more 
volumes of a diluting fluid as is necessary, and mixing 
well. Such a mixture can also be conveniently made 
in Wright's tubes, as the absolute volume is immaterial ; 
all that is required is any volume and definite multiplica- 
tions of that volume in order to get the degree of dilution , 

Common instruments used for the purpose are tlie 
pipettes of the Thoma - Zeiss haemocytometer* These 
are so graduated as to give a dilution of i in lo or i in 
loOj but can be used to give dilutions at intervals of lo 
from I in lo to i in loo, and in intervals of lOO from 
I in too to I in i,ooo. 

These tubes are convenient and the glass bead in the 
mixing chamber facilitates mixing and prevents the 
aggregation of corpuscles into masses. The diluting 
fluid, when working with blood, must be carefully selected 
according to the object to be attained. If red corpuscles 
are to be counted the iiuid must be isotonic or hypertonic, 
so as to prevent the red corpuscles being broken up. 
Such fluids as sod. sulph. lo per cent, are suitable. 

In many cases it is convenient to count the white 
corpuscles at the same time, and in that case stains are 
mixed with the diluting fluid which stain the leucocytes 
and enable them to be readily distinguished. Toisson's 
fluidj viz., glycerine 30 cm., sodium sulphate 8 grammesj 
sodium chloride i gramme, methyl violet '025 gramme, 
and water 160 cm., is very convenient for this purpose, 
but must be filtered each time before use. In other 
cases where it is not desired to count the red corpuscles 
and where these may render the enumeration of other 
elements more difficult it is better to destroy them. To 
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ensure their destruction it is advisable to use a more 
powerfully destructive agent than distilled water, and 
weak acetic acid is the one generally employed. 

Leucocytes, &c., can be readily counted in blood only 
slightly diluted when treated in this manner. 

However the dilution is made the next essential is to 
obtain a definite measured volume of the diluted fluid. 
This is done by having a cell, which when covered with 
a cover-glass has a definite known depth. It is also 
further necessary to be able to estimate the area of the 
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base of this cell or of tlie portion of it examined. In 
Gowers' and in Thoma-Zeiss' haemocytometer (fig, 124) 
this area is determined by having the slide ruled in 
squares with sides y^y and ^n of a millimetre respectively, 
so that the area is obtained by multiplying the sides of 
the squares by each other, and this multiphed by the 
known depth of the ceU, i.e.^ the space between the cover- 
glass and slide, gives the volume of the fluid examined. 
Instead of these squares others use a micrometer eye- 
piece ruled in squares* The size of these squares is 
determined by comparison with a scale under the micro- 
scope once for aU. 
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In examining fluid for elements that are scanty it is 
often a saving of time to take the whole field as the 
area to be examined. 

This area is most conveniently determined by obtain- 
ing the diameter of the iield by observing the number 
of divisions of a scale — a hasmoc3rtometer scale again 
will do — that form the diameter. To avoid fractions of 
a division the tube should be drawn out till the diameter 
is exactly a certain number of divisions and, as pointed 
out by Griinbaum, much calculation can be avoided by 
drawing the tube out till the number of divisions is a 
multiple of 10. 

The formula then gives the area of the circular 
field. The depth of the cell is known, so that this area 
multiplied by the known depth gives the volume of fluid 
examined in one field, and this multiplied by the number 
of fields examined gi\-es the total volume of diluted fluid 
examined. The volume of original fluid examined is 
obtained by dividing by the number expressing the 
degree of dilution. 

Dilution is merely for convenience and to render 
counting practicable. In an undiluted fluid, such as 
blood, the number of corpuscles in a small area, say 
xV mm. square, would be some hundreds, and therefore 
difficult to count, but by diluting loo times the number 
will be reduced in that area to a dozen or less, a con- 
venient number for counting. 

In these calculations it is well to avoid the exclusive 
use of formula- A formula is easily forgotten, or only 
in part remembered^ and confusion and error result. 
If the calculations are made on general principles there 
is a little waste of time, but the possibility of error is 
avoided* 

The dilution is made to a known extent^ — ^ten times^ 
a hundred times, or so on, as is judged to be convenient. 

A known volume of the diluted fluid is examinedj 
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represented by either the area of the field multipUed 
by the depth of the cell^ or the area of the marked squares 
on the slide multiplied by the depth of the cell, or the 
area of the square as seen in the micrometer eye-piece 
(previously determined) multiplied by the depth of the 
ceU. 

The number of elements which it is wished to have 
counted is determined in a certain number of these 
volumes of fluids, and the average is taken by dividing 
the total number by the number of volumes examined. 
The larger the number of volumes taken the smaller is 
the probable error. 

All the factors necessary for the caLculation are thus 
determined and all that is necessary is to reduce them 
to comparable terms so that the restilts obtained can be 
compared with other results. The number of elements 
is usually recorded as so many per cubic millimetres of 
undiluted fluid. 

If the number of elements counted be X, the volume 
of diluted fluid in which these elements were counted is 
known as the volume of the square (or field) expressed 
in terms of a millimetre or V, multipHed by the 
number of these squares {or fields) N, The degree 
of dilution is represented by D, Then in NV of diluted 
fluid there are X elements ; therefore in i cmm. of 
diluted fluid there are X multiplied by ^y elements; 
and as the undiluted fluid only contains ^ of undiluted 
fluid, therefore the number of elments in i cmm, of un- 
diluted fluid will be D multiplied by X multiplied by 
^ or ^ 

This assumes that the elements are unifonnly diflhised 
through the fluid, and every effort must be made to 
ensure this being the case. For blood there must be 
no delay and the blood must be mixed with the dOuent 
as quickly and thoroughly as possible. Many of the 
elements in the blood and other animal fluids are adhesive 
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and tend to adhere in clumps. If these clumps are 
present any result obtained will be unrehable. 

Counts of red blood corpuscles are necessary in cases 
of anaemia. In some forms of anemia the number of 
corpuscles is not reduced and may even be above normal. 
In these cases the hBemoglobin is much reducedj so that 
on the average each corpuscle is poor in haemoglobin. 
Chlorosis is the type of this form of ansemia. 

In others and in the Tropicsj the more common form of 
anemia, the number of red corpuscles is greatly reduced, 
sometimes to t\j of the normal 5,000,000, and commonly 
to between 1,000,000 and 2,000,000. In these forms of 
anaemia the haemoglobin is reduced only to about the 
same extent as the number of the corpuscles, so that, 
on the average, each red corpuscle contains about the 
normal amount of hsemoglobin. Pernicious anmnda is 
the type of this form of anaemia. 

In the anemia resulting from hsemoglobinuric fever 
the number of the red corpuscles is very rapidly reduced, 
so that in the course of three days the red corpuscles 
will fall from 5,000,000 to 1,000,000 or even less, per 
cmm. of blood. In malaria it is unusual to find any 
decided diminution of red corpuscles as the result of 
an acute attack of malaria, though repeated attacks 
may cause a considerable degree of ansemia of this 
t]rpe. 

In anchylosiomiasis in most cases there is a great 
reduction in the number of red corpuscles, so great in 
chronic progressive cases^ that only 500,000 red cor- 
puscles may be found in a cubic milhmetre. There is 
often, however, an even greater fall in the haemoglobin ; 
so that though in the main this form of anaemia is of 
the type of pernicious anaemia, in some cases it is of 
a mixed nature. 

The forms of anaemia of the pernicious anaemia type 
are usually due to blood destruction or hmmolysis. In 
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such forms of anemia pigment and iron deposits are found 
in the cells of the hver, kidneys, &c. 

Various chemical agents can cause haemolysis and it 
occurs as a result of the action of various organisms 
and animal parasites. 

The Leucocyte Counh should be supplemented by a 
diiferential count of the leucocytes in a well-stained 
him. By the combination of these methods the number 
of leucocytes of each variety in a cubic millimetre of 
blood can be determined. 

Increase in the total number of the leucocytes occurs 
in many diseases ; it is known as leucocytosis. Diminu- 
tion in the number of leucocytes — leucopenia — is of less 
importance, but occurs in some stages of malaria. Leu- 
cocytosis is marked in most cases of pneumonia, and 
the amount of leucocytosis increases with the severity 
of the case to a certain extent. In the most severe attacks, 
however, there may be no leucocytosis, and therefore 
the absence of this condition is of even more unfavour- 
able prognosis than a most marked manifestation of it. 

In septic conditionsj appendicitis with suppuration, 
hepatic abscess^ septic endocarditis, &c,j there is well- 
marked leucocytosis, though not to the same extent as 
in some cases of pneumonia. 

A great increase also occurs in scurvy. Even in 
health there is a considerable variation — 7,000 to 10,000 
— in the number of leucocytes, and daily a variation 
occurs owing to the increase in the lymphocytes during 
active digestion. 

It is not usual for the variation in the number of the 
different forms of leucocytes to be increased uniformly. 
Usually some forms are increased and others either 
increased to a much smaller extent or even diminished. 

In pneumonia the increase is mainly that of the poly- 
morphonuclear leucocytes, whilst the eosinophile leuco- 
cytes are not only in smaller proportion but in smaller 
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numbers than in normal blood. After an attack of 
malaria the leucocytes are usually in normal number, as 
the larger mononuclear leucocytes are increased and the 
polymorphonuclear leucocytes diminished. 

If in addition to the normal white corpuscles other 
cellular elements are present in the blood, such as mye- 
locytes, this indicates a definite blood disease. 

If two diseases, such as pneumonia and malaria, co- ' 
exist in the patient the influence of the one disease 
appears to overpower the other, so that the leucocytic 
variation of pneumonia only will be present, 

A variation in the total amount of blood in the body 
no doubt occurs in certain diseases^ but there is no simple 
practical method of determining such variations. 

To enumerate the larger parasites, such as filarial 
embryos, no dilution is required. A measured quantity 
of blood is taken up in a pipette and blown out on to a 
slide- This blood is spread out and allowed to dry and 
decolourised by placing in water. The total number of 
filarial embryos can then be counted and reduced to 
the proportion per cmm. 

This is a matter of no difficulty and the only method 
to be relied on. Substitutes that are often employed 
are to make a thick dry blood film a certain size, or to 
use cover-glasses of a definite size in making fluid films, 
or to make a certain number of drops of blood in mak- 
ing the film. These methods as substitutes for direct 
measurement are inferior, and results arrived at by these 
methods have little value. 

The use of measured amounts of blood, decolourised 
and stained, for the estimation of malarial parasites is 
not to be recommended. The results are unreliable with 
these parasites as so many are broken up during this 
process. An approximation to the number present can 
be obtained by first estimating the number of leuco- 
C5rtes present per cmm» and then taking a fluid fresh 
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film of the blood and determining the relative number 
of parasites to leucocytes in this film, If^ for instance, 
ten parasites are found in this film and 100 leucocytes, 
there will be one parasite to ten leucocytes, and if the 
number of leucocytes determined separately is found to 
be 8,000 per cmm,, then the number of parasites should 
be one*tenth of this or 800 per cmm. 

The results are approximate only, as leucocytes are 
not uniformly distributed in the fiuid film. The relative 
numerical proportion of the parasites to leucocytesj if 
determined in a dry film, is far more inaccurate, as the 
distribution of the leucocytes is so unequal in such a 
film, and many of the leucocytes adhere to the needle, 
slide, or paper used in making the film* The leucocytes 
in a thin part of the field, such as is used for the observa- 
tion of parasites, will be from one-half to about one- 
tenth of the proper amount, and the error in counting 
the parasites will therefore vary from this cause to the 
same extent. 

An approximation can also be obtained by determining 
the average number of parasites in a field. If the average 
number of red corpuscles in the same field is also deter- 
mined the method is of value, but it is tedious. 

In fluids other than blood, where parasites, including 
bacteria, are numerous and minute, Wright suggests 
mixing this fluid with an equal quantity of blood diluted 
so that the number of corpuscles per cmm, is known. 
The relative proportions of the parasites to the blood 
corpuscles, as determined by making a dried film of the 
mixture and staining it, will then enable us to estimate 
the number of organisms present in any given quantity 
of the fluid. 

The more usual method of estimating the number of 
bacilli in a fluid is to take a measured volume of the 
fluid and add to it a measured quantity of liquefied 
gelatine and plate it. 
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The number of colonies found in this plate will give 
the number of organisnis in the volume of fluid taken. 
If the colonies are too numerous the number found in 
any measured area may be counted, and this result 
reduced to terms of the total area of the plate. If the 
number of organisms is very great a second or third dilu- 
tion, always with measured amounts of the fluid and 
gelatine, may be necessary. 

For air determination a measured amount of air is 
driven through liquefied gelatine, which is plated, and 
the number of colonies estimated as before. 

For earth or sohds these must be finely divided and 
weighed amounts taken. 

It is essential that the plates should be accurately 
levelled and as much of the plate as possible should be 
counted. Agar plates may be used, and for complete 
investigation incubated at various temperatures. Other 
plates should also be made and incubated aerobicaUy 
and anaerobically. 

The numerical estimation of eggs in faeces hardly 
admits of practical application, as the amount of water 
&c., in the f^ces varies so greatly and eggs are not uni- 
formly distributed. Here loose terms, such as numerous, 
very numerous, moderate number, or few, are more in 
accordance with the amount of information possible, 
than a numerical estimate which has a superficial appear- 
ance of exactness could be. 

Colorimetric Estimations are not very accurate. They 
arCs however, the only simple methods that can be used 
with rapidity and ease. They are aU based on the com- 
parison of the diluted fluid with a substance standardised 
as regards colour. The principle adopted is to so arrange 
matters that the equahty in tint, or " matching," of 
the two objects compared is obtained, as equahty in tint 
can be determined more exactly than degrees of difference. 
In such colorimetric examinations the same source 
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of light must invariably be used, and for general pur- 
poses artificial^ particularly candle-light, is to be pre- 
ferred, as colours seen by one light will not match when 
viewed with another light. 

The methods for blood work most used are Gowera* 
h^moglobinometer and its modifications, in which gela- 
tine, coloured with picro-carmincj is used as the standard 
colour and standardised so as to represent a certain 
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Fig, 125,— Oliver's Tintometer* 



percentage — i per cent. — of haemoglobin, and von 
FleischUs hsemometer and its modifications, in which a 
wedge of tinted glass is used as the standard, this being 
moved till the thickness of the wedge is such that the 
depth of colour equalises that of a definite depth of the 
fluid to be examined. 

Thirdly, in Oliver's method (fig. 125), a series of 
graded depths of coloured discs are used as the standard. 
The colour produced is compared with these standard 
colours by mixing a definite fixed quantity of blood in 
a glass cell of fixed depth and capacity with water 
placed on a white plaster disc. 
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For all such methods it is necessary that the blood 
corpuscles should be broken up and the haemoglobin 
be in solution. This can be done by dilution with 
distilled water, or, better, by dilution with a i per cent. 
solution of carbonate of soda in water. 

In Gowers' method (fig, 126) the standard colour is 
equivalent to that of normal blood diluted so as to 
represent i per cent, of haemoglobin dissolved in water. 
The fluid to be estimated is placed in a cylinder, or, 
better, a flattened tube exactly similar to Ihat con- 
taining the standard, and is diluted drop by drop till 



Frc. 126, Go WEBS* H^:M0GL0B IN O METER. 

the two colours are matched. The tube is graduated so 
that the degree of dilution can be read, and the amount 
of dilution necessary to produce the same depth of colour 
indicates the relative amount of haemoglobin as compared 
to the standard* 

In von Fleischrs method (fig, 127) the wedge of 
coloured glass is arranged on a stand and illuminated 
from below by a plaster of Paris disc. 

Fitting into the circular opening of the stage is a metal 
cylinder with a glass bottom and this cylinder, is divided 
longitudinally into two compartments. One is filled i 
with diluted and laked blood and the other with water^ 
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Under this second is the wedge of coloured glass, and 
this wedge is moved horizontally by a rack and pinion 
tiU the colour corresponds to or matches that of the 
diluted blopd. The movement of the wedge is indicated 
on a scale graduated by comparison with hsemoglobin 
solutions of varying strength, so that the haemoglobin 
equivalent of the portion of the glass wedge in the field 
can be read at once. 
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Fig. 12;. — VON Fleischl's H-emometer. 



5^a/is^ics.~Statistics as reliable as those obtainable 
in England can rarely be obtained in the Tropics, and 
an important source of information is thus removed. 
Even statistics of births, deaths, and the more important 
diseases, both of Europeans and natives, have to be 
admitted with great caution, and local knowledge of the 
manner in which they are compiled is essential before 
giving them even the slightest consideration. With 
local knowledge the statistics may be very valuable, but 
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even then the errors due to selection of statistics, a 
personal equation, greatly reduces their value. 

Statistics for tropical work have therefore to be to 
a great extent the result of individual work, and there- 
fore the large numbers that European statisticians are 
accustomed to work with are not obtainable. 

It is therefore of the greatest importance at the outset 
that the probable error due to working with too small 
figures should be clearly grasped* 

The probable or possible error can be calculated accord- 
ing to Poisson's formula : — 

ff i 2 y^' ™" - -possible variation in proportion of m to g. 

g = total number of events. 

m = number in one group, 

n — number in other group^ so that m + n = g* 

This formula only deals with the mathematical rela- 
tionship of the figures. Further allowance has to be 
made for errors of observations and the numerous un- 
certain factors met with in any statistics* 

A mere consideration of the effects of the extent of 
the possible mathematical error in dealing with small 
figures suffices to indicate the care that is necessary 
and the multitude of observations that are requisite 
before formulating a definite conclusion. In spite of 
the magnitude of this error, of the numerous possibilities 
of errors of obser\^ation, and even of the fact that mere 
increase in the number of observ^ations may only multiply 
the same error or doubtful point, as the same source of 
error may be included in each observation, the acquisi- 
tion and use of statistics is of high value and often 'in- 
dicates a correct conclusion. The liability to error 
diminishes but does not destroy this value. 

It is customary to indicate all results in percentages, 
and no doubt this method renders comparison easy, but 
a consideration of the formula of probable e] ror shows 
that I in 4 is by no means the same thing as 25 in 100* 



STUDIES IN LABORATORY WORK 



33^ 



The number of obser\^ations made must be included in 
any account, and whene\^er possible these observations 
should greatly exceed the loo. The consideration of 
the magnitude of the probable mathematical error under 
the most favourable circumstances should lead to as 
great an exactitude as possible and avoidance of other 
and avoidable sources of error. 

Value of Evidence. — Considerable judgment as well 
as caution is requisite in obtaining information other 
than that derived from persona! observation » 

As regards occurrence of diseases, parasites, &c., much 
of the information received must be taken with great 
cautionj as it is often from laymen and untrained ob- 
servers. Even more in the Tropics that in England 
such persons hold theories either of their own or derived 
from others, and are anxious to bring forward only facts 
which are in support of these theories. 

It is well in making enquiries to be careful to limit 
the enquiry to points that are wnthin the power of any 
ordinary obser\^er. It is not well to discard altogether 
such evidence, as on many important points information 
can be derived, and in some of these the liability to 
error is no greater than with a professional observer. 

Various points in connection with malaria might be 
well taken as illustrations, both of the value of such infor- 
mation and the errors that are likely to occur as a result 
of too much confidence in such information, as well as 
of the general methods which have been adopted deter- 
mining etiological and other factors. 

These points comprise : {i) As regards Individuals. — 
Their susceptibility to the disease and the effects of the 
disease, including liability to relapses^ length of period 
of intermission between relapses and any evidence of 
the acqmrement of immunity. 

(2) As regards the Population in GcneraL — Suscepti- 
bility, and any factors, age, race, or habits, influencing it. 
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Mortality per i,ooo of the population at various age 
periods ; and case mortality in treated and untreated 
cases ; liability to any special^ immediate or remote^ 
complications ; effect on general health ; any evidence 
of acquirement of immunity. 

{3) .4 s regards the Place. — This should include enquiries 
as to any special house, village or districtj as well as 
the country in general, where the disease is more or 
less prevalent than the average. Seasonal variations 
and their effects, particularly rainfall, temperature, and 
any cause affecting level of sub-soil water. Any facts 
known as to the prevalence of the known main factor, 
in the case of malaria prevalence of Anopheles, in the 
spread of the disease. Some numerical estimate, 
endemic index, of the liability to infection. 

Most of these points can be determined to some extent 
by careful enquiries, though the results must be con- 
finned by observation, or where possible by the adoption, 
as a check, of other methods. 

The results obtained in this way, though not to be 
implicitly relied upon, will be a valuable guide to the 
direction of researches required in a district or country. 

Liability to Infection. — Enquiries as to individuals 
necessitates a selection of cases, and information of a 
reliable nature can only be obtained on every point 
from few persons. In the case of new-comers the date 
of arrival in a country and the subsequent move 
ments, with approximate dates, are usually to be trusted,"' 
The date of the first attack of malaria can generally be 
obtained- Sufficient information about the attack, such 
as the character and duration of the *' fever"; thej 
effect of quinine, and absence of any other cause oi 
pyrexia, such as septic infection or pneumonia, must 
ascertained to render it probable that the attack wa 
malarial* 

Any form of indisposition in the older residents 
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SO frequently called malaria that less reliance is to be 
placed on these than on the history of the first attack. 
In malaria it must always be remembered that relapses 
are so common that a second attack, even at an interval 
of several months, does not prove a second infection. 

The Liability to Relapses is more difficult to determine^ 
but vnth a fair number of individuals it can be ascer- 
tained, and great individual variations will be found. 
In newcomers three weeks to a month is a common in- 
terval, whilst in others the period may be as long as 
four or six months. In this connection careful enquiries 
as to the habits as regards quinine are of great importance^ 
as if quinine is taken constantly, even in small doses, 
the relapse is often postponed till the quinine is discon- 
tinued. 

Increase in the Interval between Relapses. — Any obser- 
vations as to increase in the interval between the relapses 
with increased length of residence or diminution in the 
severity of the attacks may indicate that a degree of 
immunity has been acquired^ and the length of residence 
required for this, though shorter in all in the more 
malarial districts, is to a great extent an individual 
peculiarity. 

As regards the population in general, it is essential 
that the actual numbers of the different races represented 
be known before any use can be made of totals, such 
as number of deaths, admissions to hospital, &c. This 
warning may appear superfluous, but it is not. In 
pubhshed reports one of the commonest errors is to speak 
of a disease as being more or less prevalent in a district 
on the ground of the number of cases seen, not as it 
should be, on the proportion of the susceptible popula- 
tion attacked. 

It is in connection with blackwater fever and yellow 
fever that such errors are most common. 

Age Incidence^—Personsl observations should be made 
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on unselected cases and the number of cases examined 
mentioned in the table, with the percentages. Ages 
cannot be ascertained with certainty, especially in conn- 
tries where the differences in season are not very marked. 
With children age has to be estimated from the size, 
teeth* and development. In adults knowledge of local 
history and notable events, the dates of which can be 
fixed, are of considerable value. Age periods of five 
years are usually taken, but it is of the utmost import- 
ance in malarial investigation to subdivide the first 
quinquennial period and further subdivide the first year 
into quarters. The first quarter should be subdivided 
into months. Malaria is rare till the end of the first 
month. As an age period the first ten years should 
never be taken as a whole, as such different results are 
obtained in a village, or in a series of observations, 
if a large proportion are, say, under four, or only a small 
proportion. Conclusions drawn from the incidence of 



* Ages at which teeth are cut in Eur&peans, The differences \\\ 
native races have not yet been worked out. Table kindly supplied 
to me by Mr. K* W. Goadby. 

Temporary Dentition, 

Central incisors 5th to 8ih month. 

Lateral incisors 7th to loth 1, 

First molars .*. ... .«. .., 1 2th to J4th „ 
Canines .*. ... *.- ... 14th to 2oth „ 
Second molars , 3Qth to 30th ,, 

Permanent Dentition. 

Upper Javf* Lowef Jaw 

Central incisors 77 years ... 7 years. 

Lateral incisors 8 

Canines <.. ^,* ..* 11 

Premolar L ... *., ... 10 

Premolar II. ... » 1 1 

Molar L ,,, 6J 

Molar II 12 

Molar HI .., 24 
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malaria in the first ten years of life, taken as a whole, 
are often misleading, 

Mortaliiy is best estimated at the rate of so many 
deaths per i,ooo per year, as then the results can be 
compared. If dealing with short periods, as^ for instance, 
one week, the death-rate would be the proportion of 
deaths per i,ooo, of the population in that period, mul- 
tiplied by 53, If a long period^ say ten years, is taken 
the death-rate would then be represented by the number 
of deaths per 1,000 divided by 10. 

The factors necessary are the number of persons of 
the requ:red class alive at the commencement of the 
period, the number of deaths of this class who died 
from the disease which it is desired to investigate in 
the period, and the length of the period. 

Case Mortality is the percentage representing the pro- 
portion of cases terminating fatally. The number of 
cases of the disease and the number of deaths from the 
disease are the only two factors requisite. If it is desired 
to compare the " case mortality " in different years or 
other periods of time, cases occurring in those periods 
only must be included. In malaria untreated and treated 
cases must be considered separately, and the treatment 
mentioned as the case mortality is so much reduced 
by efifective treatment. 

Remote or Indirect Mortality is the mortality due to 
remote comphcations, visceral changes and increased 
liability to other diseases, or to the tendency which 
malaria appears to have to aggravate some diseases. 
Our knowledge of this branch of the subject is most 
inaccurate and requires complete revision. 

The effect on general health varies greatly in different 
conditionSj and under circumstances little understood. 
Splenic enlargement, anaemia and diminished rate of 
growth are the most definite. Susceptibility to tuber- 
culosis appears to be induced by chronic malaria in 
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countries where tuberculosis is prevalent. The effect 
on the general health, apart from the actual attacks, 
whether mild or pernicious, varies according to race. 

Period of natural incubation and its variations can 
be determined from the histories of patients, and then 
must be limited either to first attacks or to other attacks 
in which a long interval has elapsed. The most common 
history given is of some immediate antecedent. Ex- 
posure to chill, constipation, change of residence, par- 
ticularly from a warmer to a cooler place, and even 
cessation of travelling, are given as the causes of the 
attack. These causes are not to be taken as those of 
the infection, though they may determine or accelerate 
the manifestation of the disease. 

The time of actual onset of symptoms caji usually 
be told wth certainty, but the time of infection is diffi- 
cult to determine. The frequency %vith which travelling 
in one form or other enters into the causation is usually 
to be ascribed to passing through a highly malarial 
districtj or even to spending some hours in a house 
where infected mosquitoes are to be found. With a 
sufficient number of cases it is sometimes easy, as in the 
case of a steamer, or in persons travelling over known 
routes, to fix on the date of infection as the date on 
which a halt was made at a notoriously malarial place. 
Such cases show the wide limits of the period of natural 
incubation, often longer than those which have been 
determined experimentally by feeding iiifected mosquitoes 
on susceptible persons. 

The evidence of immunity is to be considered unde 
two heads : (i) Age incidence of the disease in native 
and cessation of attacks with advanchig years. (2) Ixl\ 
newcomers the residential period during which attacks 
occur and any evidence, by the diminishing frequency or 
severity ol attacks, that some immunity is acquired* 

With malaria it is important to consider whether] 
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there are periods in which from climatic conditions 
infections do not take place. In the case of individuals, 
if there are periods during which they are not resident 
in places where malarial infection is possible. Immunity 
is destroyed or diminished by such periods, so that if 
they are long immunity is not acquired at so early a 
period^ or at all. There is evidence that immunity is 
not of long duration in malaria, but more exact observa- 
tinns are required on this point. 

In any consideration of immunity the Hability to 
infection — endemic index — must be taken into account^ 
as with a low endemic index individuals only, not a 
class, wiU acquire immunity, 

(3) As regards Place. — In considering any place it is 
important to bear in mind that malaria is a local disease, 
and that even in houses dose together it appears, that 
one wi\l be more malarial than another. Still more so 
are different quarters of the same town or districtj and 
the localities where the disease is most prevalent vary 
from year to year. These differences and the causation 
of the variation in the differences require local investi- 
gation in aU cases. 

Seasonal variation may act in two ways, first by ren- 
dering the conditions more favourable for the multipli- 
cation of Anopheles, and secondly by presenting conditions 
more favourable for the development of the malaria 
parasites in the mosquitoes. Rainfall, both the amount 
and distribution, i,e., whether in frequent light showers 
with short intervals, or heavy downpours with long 
intervals, is of great importance, and so is the level of 
the subsoil water, which may be more affected by 
distant rain than by the local rainfall. A high tempera* 
ture within certain limits causes more rapid breeding of 
mosquitoes, causes them to require food more frequently, 
and is favourable to the rapid development of the malaria 
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parasites, and so in all these ways will favour the spread 
of malaria. 

The species of Afwphetes present atid of those most 
numerous in the district should be determined, and 
these species of mosquitoes should be tested as to the 
readiness with which they may become infected by the 
malaria parasite. Different species vary greatly, and 
even with the same species infection seems to occur 
with varying difficulty under diiferent circumstances. 
As a rule mosquitoes reared from larvae are not as easily 
infected as those caught in the adult stage. The 
possible or known circmnstances affecting the develop- 
ment of the parasites are the temperature, the age of 
the mosquito, w^hether impregnated or not, and the 
nature of the food previously taken by the mosquito, 
and probably other conditions w^hich all require local 
investigation, 

Endemic Index,~A numerical estimate of the liability 
to malarial infection is an important factor to deter- 
mine. The number of malarial attacks, or of hospital 
admissions for malaria, from amongst a known number 
of persons, is of little value, even if the diagnosis is con- 
firmed in every case by blood examination, as these 
admissions wiU include recurrences and relapses whicli 
will vitiate the figures^ e.g., a man infected once with 
malaria may have a dozen attacks of malaria as a result 
of this single infection in a year, or he may have only one. 
In the first instance he would appear in returns as 12, 
in the second as i, though in both instances for our 
purpose they should be represented as r. 

If first attacks only are included this difficulty does 
not occur, and first attacks have the further advantage 
of being usually severe, and in persons who have not 
yet acquired the habit of treating themselves and who 
therefore come under medical observation. 

For an estimate of the liability to infection, or endemic 
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index^ by this method, the factors to ascertain are the 
dates of first attacks of malaria occurring during the 
course of the observations verified by blood examina- 
tions or in other ways, effect of quinine, &c., and the 
length of residence previous to the attack, and the number 
of newcomers during the period who have escaped infec- 
tion. As a separate estimate a statement by as large 
a proportion as possible of the resident population as 
to the length of time they had each resided in the country 
before their first attack of malaria. These figures usually 
lead to much the same result. Reliance has to be 
placed on histories only, and errors may occur, though 
each factor is one which most of the residents are capable 
of observing. 

Byj this method the length of residence in weeks or 
months that is ordinarily required for an attack of 
malaria is determined. The period of incubation we 
know varies, but is commonly from ten days to three 
weeks, and this period should be subtracted from the 
length of residence required for an attack of malaria to 
obtain the period of residence required for an invasion. 

Where bodies of men are working together and are 
under medical observation^ as in regiments, gangs of 
workmen, &c,, this method is, I believe, the best and 
simplest, and includes no sources of error that are not 
common to other methods. 

In such an estimate all persons who were bom and 
have Hved in malarial countries for prolonged periods 
should be excluded ; also those who have contracted 
malaria in other malarial countries. For these exclu- 
sions there are two reasons, (i) to avoid including relapses, 
and {2) to avoid including persons who may be immune, 

A somewhat similar method is to determine the pro- 
portion of untreated natives who harbour the parasites 
of malaria. In this method the ages must be known 
and unselected children, including those apparently in 
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good health, must be included, and children should form 
a large proportion of the cases. 

This method has been extensively used and an arbitrary 
standard, ten years, has been selected ; the proportion 
of children under lO years of age with malarial parasites 
is then taken as the index, 

A more satisfactory method is to determine the pro- 
portion at different ages. Thus in one district, whilst 
86 per cent, of the children under 2 years of age were 
infected with parasites of malaria, only 28 per cent, of 
those from 5 to 10 harboured them. If, therefore, in 
such a place most of the examinations were made in 
young children, a much liigher index would be obtained 
than if most of the children were over 5. 

In many of the determinations no fmrther information 
than "children under 10 years of age" has been given* 
and in some of them the number of children examined 
is very small. 

It is not very easy in some places to get a sufficient 
number of children for examination, but with patience 
it can generally be done. As these cases are imtreated, 
many of them, if not most, will have had the parasites 
for considerable periods, and therefore the figures only 
indicate antecedent, perhaps remote, infection. If young 
children were examined monthly till parasites were found 
the HabiUty to infection under native conditions would 
be determined more accurately. In making any series 
of blood examinations the time selected should be during 
a period of settled weather. If examinations are made 
during a change, particularly from hot to cold, the 
parasites will be more easily found, as the effect of chill 
is to favour the development of the parasites. Examina- 
tions made at such times will therefore show a higher 
index than those made in settled weather. 

The Spleen Tesi^ or the proportion of persons with 
enlarged spleens, is useful if age and race are taken into 
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account. It is of more value amongst negroes than 
amongst other races, as the negro spleen does not con- 
tinue to enlarge after immunity has been acquired in the 
same way that the spleens of many individuals of other 
races do. The test can be used easily as there is nothing 
in the examination to excite alarm or frighten the chil- 
dren, and can be made more quickly than any other 
examination. 

It indicates only antecedent, probably remote, infec- 
tion, and is less certain proof of antecedent infection 
than the presence of parasites. 

A large proportion of enlarged spleens between 2 and 
5 years of age is an indication of a high endemic index. 
If the presence of malaria in a district is proved, the 
absence of enlarged spleens in negro adults, or a low 
proportion between 10 and 15, is equally a proof of a 
high endemic index, whilst if the proportion of enlarged 
spleens in adult negroes is appreciable or large in those 
between 10 and 15 the endemic index is low* 

The determinations obtained by the spleen test are 
less liable to be influenced by meteorological conditions 
than the test by blood examinations^ are easier, and can 
be made in a larger number of cases, but otherwise are 
less accurate, as the conditions that lead to splenic en- 
largement after malarial infection vary and are not 
thoroughly understood, and splenic enlargement may 
be due to other causes. 

Another proposed method of estimation of the index 
is by determining the proportion of the Anopheks that 
are found to be infected with the parasites of malaria. 
For this method to be of value the mosquitoes must be 
selected from different houses and places in equal pro- 
portion, as it wiU be found that there are great variations 



♦ With BO other race but the Negro can such conclusions be 
drawn. 
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in this proportion in adjoining houses and at different 
times. One good *' crescent case " will infect almost 
every Anopheles of certain species that bites the patient, 
whilst only a small proportion of those that bite the 
more numerous poor crescent cases vvill be infected. 
Anopheles in European houses are rarely found to be 
infected, whilst in an overcrowded native house^ where 
there is no protection of the inmates from mosqmtoes, 
a large proportion of infected Anopheles may be found. 

The proportion of infected mosquitoes is not the real 
test so much as the number of infected mosquitoes, so 
that in these estimates the number of Anopheles that 
bite a man per hour is also required. 

A high endemic index, as determined by the other 
methods, will be found in places where Anopheles are 
very numerous, even when the proportion infected is 
very smaU, 

It must always be remembered that a place with a 
large number of Anopheles of species known to be good 
carriers of the parasite, even if free from malaria at any 
one time, has the potentialities of a liigh " endemic 
index " if the place is inhabited by newcomers or otber 
persons susceptible to malarial infection* This is the 
reason why railway and engineering works are so often 
attended with outbreaks of malaria, even when con- 
ducted in places that previously were not considered to 
be very malarious. Anopheles are present and perhaps 
numerous ; in any case many new breeding-places are 
fonned during excavations and the mosquitoes become 
numerous. Gangs of workmen are crowded together 
in temporary huts and they are not protected from 
mosquito bites. The workmen will include susceptible 
newcomerSj and frequently some persons harbomingl 
parasites. A single good " crescent case," often a man j 
with no symptoms of malaria^ will infect a number of I 
mosquitoes, and in the course of some ten days or sal 
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these mosquitoes will infect any susceptible persons who 
sleep in the hut. 

The earliest numerical estimate was arrived at by 
determining the proportion of persons at different ages 
whose organs contained malaria pigment. This method 
can only be adopted under circumstances where fost- 
mortem examinations can be obtained in both children 
and adults. The results indicate antecedent malarial 
infection. The method, though fairly good, is only of 
limited value, as the large number of post-mortem examina- 
tions required can only be obtained in few places. 

These, then, are the main methods for the determina- 
tion of the endemic index ; — 

(i) By determining the length of residence required 
to render malarial infection probable in susceptible new- 
comers. 

(2) The ages at which the largest proportion of natives 
harbour the parasites of malaria. 

(3) Ages at which splenic enlargement is common. 

(4) Percentage of persons djnng from aU causes with 
malarial pigmentation of the organs. 

(5) Number of infected Anophdes, 

Other warnings, though too complicated by other 
factors to be used numerically, are a high infantile death- 
rate amongst the natives, particularly a liigh death- 
rate from convulsions in infants over six months; a 
high European death-rate ; and, I am inchned to add, 
occurrence of blackwater fever. 

Grapliic representations in the form of '' charts " are 
useful as indicating the main results of any enquiry^ as 
they are easier to foUow with the eye than columns of 
figures or rows of statistics. 

The essential of a good chart is that it should be capable 
of translation back into figures, {,6,^ a chart should be 
such that it can be read. 

The priQciple of charting on a plane surface in two 
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dimensions is that the horizontal Hne represents one 
tactor, usually time or periods of time, whilst the vertical 
represents the other factor. 

Each of the factors should be represented according 
to scale in order that it can be read, and this point is 
often overlooked, even in the familiar temperature charts, 
in that whilst the height of the temperature is recorded 
correctly in the vertical columns, the distances measiired 
horizontally between the points representing the different 
observations are equally spaced, so as to look neat, whilst 
the real intervals of time are irregular, e.g., temperatures 
are taken at 2, 10, 12^ 3, on a four-hour chart, and should 
be so recorded that the distances measured on the 
horizontal hne are unequal in the proper proportion. 

In that case the chart can be correctly translated 
back hito figures, otherwise^ if represented as equi-distant 
the translation woald read 4, 8, 13, 4- 

The limit to the translation of the chart is the scale 
of the chart ; where the intervals allowed for time are 
small, translation can only be approximate. 

In blood charts it is usual to represent the heights as 
percentages of normal, as real figures would require such 
enormous charts if it were desired to represent graphi- 
cally on the same scale both red and white corpuscles. 
In such cases it is better to keep to the figures or to use 
different vertical scales for the more numerous and more 
scanty elements. It must be clearly indicated for each 
what the scale represents if this be done. 

Too many lines on one chart are difficult to follow, 
and the only cases in which it is advisable to have two 
or more lines is when it is desired to compare two or 
more results. 

The different methods of determining the endemic 
index of malaria are conveniently rendered graphically 
and serve as illustrations of the method. Chart I, is 
compiled from an official report of W. H, G, H. Best, of 
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the Lagos Medical Service, and formerly of the London 
School of Tropical Medicine, which is almost the only 
report published that gives sufficient details for the 

determination of the age incidence. 



CHART I. 
Negroes {Native Africa.ns).™Hausa and Yomba Children, 
320 ; HA17SA Adults, 100. Compiled from Official 
Report, Lagos, of W. H. G. H. Best. 
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CHART II. 

Negroes (Native Africans), Central Africa, — /14 Nativh 
Children under 15, and numerous Adults. 
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No cases are given under 3 months of age, and those 
under 6 months are very few. The chart shows clearly 
that under the conditions of a native life a large proper- 
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tion of children are infected in less than six months, 
and practically all in less than a year, wliilst the number 
of infected children after five years is so small that the 
majority must have acquired immunity. 

Chart IL shows the age incidence of enlarged spleens 
in Central Africa, and on chart II L are shown the same 
cases subdivided into two widely different groups ; in 
the one district Europeans often pass their first year 
without getting malaria, whilst in the other few escape 
for more than a few weeks. The earliest age incidence 
of enlarged spleen and the earlier period at which it 
ceases to be common in the more malarial district are 
well shown. 

The weakness of the spleen test is that a considerable 
proportion even of untreated cases of malaria do not 
^ow marked splenic enlargement, and it is probable 
that 68 per cent, of enlarged spleens indicates universal 
infection as much as 90 per cent, harbouring parasites 
would do. 

Chart IV, indicates the proportion of persons at different 
ages with malarial pigment in the spleen in a moderately 
malarial country ; two years' exposure required for 
probable infection. It shows malarial infection later 
and less complete immunity* The liability to malarial 
infection as determined by the first method, the length 
of residence required for probable infection, would be 
simply charted for different districts by representing for 
each place in the vertical lines the number of months 
requisite for the infection of three-fourths of susceptible 
new-romers, or the percentage of persons who would be 
infected in a period of six months or a year, as is con- 
sidered to he most convenient. 

In some charts the distances on the horizontal hne 
have no meaning, and it is shnply for convenience that 
the horizontal spacings are made, a series of vertical 
columns packed together or widely and irregularly 



i 



STUDIES IN LABORATORY WORK 



347 



separated would have the same meaning but cause 
confusion. 

The convenience of such charts is that various points 
can be indicated on the same chart and compared. 



CHART III. 

Nkgroes (Native Africans).- In a most Malarial District 
IN Central Africa. Residence Required for Probable 
Infection with Malaria, under Six Weeks, 

Native African.— In less Malarial District. Residence 
for One Year does not render Infection Certain. 
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CHART IV. 

-- Negroes (Native Africans),— Compiled from Post-mortem 
Examinations in British Guiana, 
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The line commences at one month, no pigmentation being found 
earlier. The next point is under six months. 



348 



STUDIES IN LABORATORY WORK 



Many statistics before charting require correction* Of 
these corrections some aie obvious and easily madev 
The number of cases is useless unless the total number 
of the population that are susceptible to the disease b 
also known. In dealing^ with inhabitants of different 
races any difference in the susceptibility has to be noted 
and allowed for. 

Blackwater fever is a good illustration in point, and 
so many erroneous statements are made in connection 
with it that it well serves as an illustration. It occurs 
in Tropical Africa, in India, and in the West Indies, 
amongst other places. All races are probably susceptible, 
though this is doubted by some as regards some negro 
races : in any case the susceptibility varies ; and the negro 
susceptibility is so slight that not one in many thousands 
will get the disease under conditions w^here some 8 per 
cent, of the Europeans are attacked. The Indian is 
certainly susceptible, but only about one-fourth as 
susceptible as the European, These variations in racial 
susceptibility require much further study. 

We must know, therefore, both the number of Euro- 
peans and the number of cases that occur amongst them 
in each district before we can compare the prevalence 
of the disease in each district. Similarly the number 
of cases amongst Indians and the number of Indians 
must be known, and the proportion in the two races 
must be kept distmct. 

If this is done it will be found as a general rule that 
in the most malarial district in Africa the prevalence 
of blackwater fever is the greatest, though the actual 
number of cases seen may be no more than in a more 
thickly populated, less malarial district. It will also 
be found that it is only in Africa that a large proportion 
of susceptible persons are attacked. In other countries^ 
where perhaps as many cases may be seen, the number 
of susceptible persons is much larger. 
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Another correction, an important one, has to be made. 
Unfortunately the amount of the correction is dependent 
on a variable factor — the period of incubation of the 
disease* More cases of blackwater fever probably occur 
in England than in aiiy one small district in Africa, 
but these cases are all in people who have returned from 
Africa and acquired the infection there. In these cases 
there is no doubt that the infection should be attributed 
to the part of Africa from which they came. Here the 
matter is easy, but in Africa itself it is so often found that 
persons develop the disease who have been travelling, 
that it is a matter of great difficulty to attribute the 
disease to the correct place of origin. In many cases 
the place where the disease develops is certainly not the 
place where it was acquired. The correction to be applied 
here is essential, but can only be an approximate and 
arbitrary one. Personally I prefer to take the 'place of 
residence a fortnight before the attack as the more 
probable place to be implicated in a large proportion of 
the cases. 

Charting is often useful to represent the secretion or 
excretion rates either of definite substances, such as 
urea, or the volume of a mixed fluid, such as urine. 
Here times are represented by the distance measured 
horizontally, and amounts, weights, or volumes by the 
height measured vertically. 

The only difficulty is that however it may be secreted 
urine as well as other fluids are only passed at intervals, 
and it is the rate at which urine is being formed, not 
that at which it is being passed, that is of importance. 
The only available method is to divide the number of 
omices of urine passed, or, if necessary, drawn off by 
catheter, by the intervals measured in hours between 
the successive micturitions ; the result will give the 
average rate per hour, assuming that the bladder is 
equally empty after each micturition. 
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Such charts are of a special value in diseases like 
blackwater fever, in which there is a tendency to sup- 
pression of urine, and may indicate the periods of greatest 
danger. 

The geographical and topographical distribution of 
disease, of parasites and of certain insects is of consider- 
able importance. Maps shotild be drawn to the required 
scale and the places where an examination shows that 
the condition to be charted is present marked with a 
plus +, and where absent negative, — . Places where 
no obser\"atioiis have been made should be clearly 
indicated, for if, as is sometimes done, they are repre- 
sented as negative, most misleaduig conclusions as to 
the distribution may be drawn. 

It is usual to represent the incidence of a condition 
by shading, and the depth of the shading indicates also 
the prevalence of the condition. 

In determining the incidence of a disease in a town 
or village a plan must be drawn up and the houses or 
groups of houses infected indicated as above. 

Extraneous conditions, such as wells, streams, or other 
sources of water, must be shown, and when dealing with 
a question such as malaria, known to be carried in a 
certain way, other conditions, favouring the prevalence 
of such carriers as Anopheles^ must also be indicated. 

These maps and charts enable the conditions to be 
quickly understood, and are therefore of considerable 
value if accurate and carefully drawn up. 

With a little ingenuity almost anything can be repre- 
sented in a graphic manner^ or charted. The value of 
a chart is the ease with which relations are shown and 
with which conclusions can be deduced. They show no 
more and prove no more than the figures or facts they 
represent, but by many are more easily followed. If, 
therefore^ a chart does not represent matters more 
clearly than the figures the chart is useless. 
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APPENDIX, 



Instruments and Reagents. 



Microscope^ with two eye-pieces, 2 and 4 ; three objectives, 
I in., J in., and ^i in- oil immersion lens ; substage conden&er, 
and iris diaphragm and mechanical stage, micrometer eye- 
piece with scales or with squares, micromilMmetre scale, 
camera lucida. 

Watchmaker's glass. 

Portable microscope. 

Direct vision spectroscope 

Slides, No, 2 quality. 

Cover-glasses, No, i quality, to be packed in oil. 

Needles in handles Cork felt. Entomological pins. No. 20. 
Forceps, Cornet's forceps. Mounted platinum wires. 

Test tubes, thick and best quality- Durham's tubes. 
Watch glasses, Petri dishes. Photographic trays, half- and 
fuU-plate. Erlenmeyer's flasks. Funnels. Glass tubing. 
Glass rod. Beakers, Burette, 50 cc. Evaporating dishes 
and copper dish for boiling slides. Spirit Bunsen. Prima's 
kerosine lamp. 

Glass measures, 500 cc, 100 cc» and 10 cc. 

Scales. Gramme weights. 

Paraffin oven. Paraffin moulding dish and blocks. 

Microtome. 

Steam steriliser. Hot-air steriliser and incubator. Iron 
enamelled jugs. 

Mouniing and Imbedding Reagents. — Alcohol, cotton-wool, 
methylated spirits, oil of cloves, xylol, Canada balsam, 
glycerine, Farrant's solution, glycerine jelly, ether, chloro- 
form celloidin, paraffin wax, Holhs' glue, or shellac. 

Stains. — Hematoxylin crystds, hsematein, methylene -blue, 
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(Hochst's pure medicinal), thionin, gentian violet, fuchsin, 
carmine, picrocarmine, toluidine blue, night blue, bismarck 
brown, methyl violet, eosine, both soluble in alcohol and 
soluble in water. Grubler's stains are the besL 

Other Reagents. — Acids : Hydrochloric, nitric, sulphuric, 
picric, osmic, tannic, carbolic (pure), gaUic. Agar-agar, alum, 
ammonia, alcohol, methyl alcohol (pure for analysis), borax, 
iodine, filter paper, filter paper (Chardin), formalin, gelatine, 
glucose, lactose, lithium carbonate, lysol, mercuric chloride, 
naphthaline, peptone, platinum chloride, potassium ferro- 
cyanide, potassium iodide, potassium bichromate, phenol- 
phthalein, sodium carbonate, sodium citrate, sodium hydrate, 
sodium sulphate, sodium taurocholate. 



PLATE I. 
Stained with Hjematoxylin or Eosine and Hematoxylin. 



Normal variations in red blood corpuscles. 

Nucleated red blood corpuscles. 

Blood plates. 

Abnormal variation in size and colour. 

Abnormal shapes, poikilocytes. 

Basophilic granules. 

Polychromatic red corpuscle. 

Lymphocyte. 

Large mononuclear leucocyte. 

Polymorphonuclear leucocyte. 

Eosinophile leucocyte. 

Myelocytes. 

Quartan rosette. 

Young tertian parasites. 

Half-grown tertian parasite. 

Rosette benign tertian. 

Malignant tertian (sub- tertian), ring form. Double 

infection of corpuscles. 
Crescent. Gamete malignant tertian (sub-tertian). 
Young halteridium. 
Sporulating halteridium. 
Trypanosome of fish. 
Trypanosoma Brucei (tsetse fly disease, nagana). 



Figs. 


I, 2. 


3, 4. 


5. 

6, 7. 

8. 


9. 
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X II. 
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^14. 
15, i6, 17. 

7 1 18. 
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PLATE II. 

Malignant Tertian Parasites (Sub-Tertian) Stained 
WITH Carbol Thionin. 

Young form, rings. 
Half-grown parasite. 
Full-grown parasite. 
Sporulating parasite. 

Are full and sporulating parasites, as seen in sec- 
tions of organs shrunk by the spirit and other 
processes. 
Development of the gametes of malignant tertian. 
Benign tertian parasites, half-grown and sporu- 
lating. 
II, 12. Quartan parasites, half-grown and sporulatmg. 
i 13 to 16. Sporozoa of cattle and horses. 

BmhYyos of Filaria Stained with Hamatoxylin. 

17. F. nocturna, 

18. F. perstans. 

19. F. Demarquaii, 



Figs. 
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3a, 


3. 
4a. 


9, 
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10. 
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PLATE III. 
Stained with Leishman's Stain. 



Figs. 



1. Normal red corpuscle. 

2. Blood plates. 

3. Lymphocyte. 

4. Large mononuclear leucocyte. 

5. Polymorphonuclear leucocyte 

6. Eosinophile leucocyte. 

7. Mast cell. 

8« Transitional form. 

9. Abnormal mononuclear cell found in certain 
diseases, including trypanosomiasis. 

10 to 13. Myelocytes showing various types of granules. 

14, 15. Halteridium. 

16. Small drepanidium in red corpuscle. 

17. Same drepanidium in plasma. 

J 8, 19, 20. Large drepanidium in various stages. 

21. Degeneration of red corpuscle caused by drepa- 
nidium (Schuffner's dots). 



PLATE IV. 
Stained with Leishman's Stain. 



Stages of benign tertian parasite. 

Gamete benign tertian. 

Characteristic degeneration of red corpuscles con- 
taining benign tertian parasites (ScMflEner's 
dots). 

Stages of quartan parasite. 

Stages of malignant tertian (sub-tertian) which are 
seen in peripheral blood. 

Male gamete, malignant tertian (sub-tertian). 

Female gamete, mahgnant tertian (sub-tertian). 

Double infection with mahgnant tertian (sub- 
tertian) parasites of a red corpuscle ; baso- 
phOic granules in red corpuscle. 

Trypanosoma Lewisi (rat). 

Trypanosoma hominis (Congo). 
23. Spirillum of relapsing fever2(stained with carbol 
fuchsin). 
24, 25. Amcjeha coli. 



Figs. 
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10 to 
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19. 
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INDEX 

Ants, mosquitoes destroyed by 

Ape, intennediate host of T, solium 

^^iftaw*^/^a (fleas), structure of 

Appendicitis, leucocytosis with 

Arabia, ^iMarz/a in , 

Axgeniinet ffymena/epts nana in , 

Armigeres^ determination of genus of 

w^rrs'^a/so^ta, determination of genus 

Artificial media, growths on 

Ascaris lumbricoidts 

Aschiza 

Asexual cycle of development 

Asilida (Robber-flies), characters and structure of.. 

Genus of 

Atylotusj differentiated from other Tabanina 

Auchmeroyia 

Autumno-aestival, see malignant tertian. 
Avian filariae, see filariae. 
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Bacilli :— 

Definition of 292 

Estimation of number 325,326 

Mosquitoes, in 218 

Bacillus colt communis 273 

Bacillus Phlei 301,302 

Bacteria : — 

Chemical products of 305,308 

Moulds distinguished from 291 

Pathogenic, examination of blood for 1 23, 1 24 

Urine, in 277, 278 

Balantidium coli 272, 273 

Bancroft onfilarim 217 

Bats, parasites of 100,176 

Bees, parasites of 176 

Benign tertian parasites : — 

Asexual cycle, duration of 80,81 

Corpuscle containing it, effect on the 89,90 

Diagnosed from Quartan and Malignant Tertian parasites ... 96 

Gamete, forms of 90 

Changes in 93 

Phases in development of 89 

Pigment deposited by 88 

Schdffner's granules in corpuscles with 90 

Sites for sporulation of 82 

Berkeley, Dr. W. N. 220 

Best, W. H. G. H., Charts prepared from the official report of ... 344, 345 

Bibionida 145, 146 

Bilious Urine, distinguished from haemoglobinuric 276,277 
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Abdominal viscera, post-mortem examination of (method) 

Abnormalities, racial 

Abscesses : — 

AmcebcB colt in pus of hepatic 

Balantidium coli in pus of hepatic 

Blood-changes caused by 

Abyssinia, Tcenia saginata zoxxxaaonvci 

Acalyptrata 

Acanthomerida 

Acid formation by organisms 

Acid fast organisms 

Acrocerida .. 

Addison's disease, pigmentation of the skin after 
yEdes:— 

Genus, determination of 

Scales of 

yEdeomina 

Aerobic organisms 

Africa: — 

^{'/^ma found throughout 

Blackwater fever, occurrence in tropical 

East, madura foot in 

Filarusm 

Haemoglobinuria, frequency of, in 

Tania Africana in 

Trypanosoma found in man on West Coast of.. 

African monkeys, parasite of 

Agar, preparation of nutrient 

Agglutination 

Air, bacteria in, estimation of 

Alakurt 

Alcohol ; — 

Concentration of (method) 

Fixation by 

Formalin and, fixation by 

Formation of, by organisms 

Hardening reagent for tropical work ... 
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Ham fly , 169 
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Amceboid movement of human malaria parasites ... 
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Amyloid degeneration 

Anemia, types of ♦ 

Anaerobic organisms ... 
Ankylostomiasis, red corpuscles in ... 

Animal parasites in blood ... 

Ankyksionu$ .„ ,. 

Ankylostomiasis : — 

Blood passed per rectum in 

Yellow pigment present in 
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Description of .. ,., , 267,269 

Ova of ... 252,253,254 

Annett and Dutton, Drs., method of fixing mosquito sections ... ... 38 

Onfiiaride ... ».. 217 

Ansemia : — 
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Blood change in ... ... ,.. *.. ... ... 58 
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Eggs of „ 
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Human parasites developed in ... 

Identification of species ... 

Male and female, illustration of.,. 

Pupa; of, respiratory lubes of ... 

Salivary glands in 
Anopheles' pool, the ... 
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De finite hosts of malaria parasites 76 

Feeding time of ... .,, ,*, .,. ,„ „, 138 

Identification of species ... ... 14S, 192, 194 

Anguiiiuia mf^siinaU ... 252, 255, 296 

j|«/Jfei?wyi^ larvie in human intestines .., ... ... ... ... 138 
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Blood — continued, page 

Reaction of 131 

Red corpuscles, see red blood corpuscles. 

Romanowslcy's method, colours observed in 66,67 

Specific gravity of, method of estimating 131 

Sporulation of parasites in 82 

Stasis in, capillaries of the mucosa, results of 87 

Tonicityof i34, I35 

Range of variation 135 

Trypanosomes, examination for 1 04 

Urine, in 274 

Blood-platelets : — 

Examination of 47 

Staining of 34 

Romanowsky's stain, effect on 67 

Blood-serum : — 

Haemoglobin dissolved in 135 

Inoculation with organisms, substances formed in, as a result of ... 129 

Reaction with organisms, agglutination test 308,310 

Sedimentation test 310 

Wright's tubes for obtaining and diluting 125 to 128 

Boar, wild, intermediate host of /<;ifm W^m;;; 268 

Bomtylida 146 

Borax, methylene blue stain 72 

Bothriocephalus 255, 256. 239, 260 

Bovril, nutrient broth from ... 279,280 

Brachycerous orthorrhaphia : — 

Characteristics and subdivisions of 1 46 

Structure of subdivisions of 140, 153, 5^^. 
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Malaria parasites in 82,83,86 

Pigmentation in, natural and malarial, distinction between 83 

Site for sporulation of ///a/{^»a»/ /^r//aff parasite 81 
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Brauer, classification of diptera ... 1 45 

Braulida 176 
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Ftlaria in 121 

Motuca fly of 1 58 
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Ftlaria m 120, 121 
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Buffalo, ttypan&sujna cf Nagana^h^LimXt^^ to 
Bunaen burner, subsikote for ordinary gas ►,. 
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Calyptraim ... ,,. .„ ., .,. 

Cain brid ge rockin g microtome 
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Canine lape worms, table of ... ,*. 

Capillaries, melanin in 

Carbol f Qchsi n , parasi tes demonat ra ted by .. * 
Carbol thion in, parasites demonstrated by .,. 

Carbonate of soda for cleaning cover glasses * 

Carmine stain, pigments of malaria shown hy 

Casiellani ,,. ..» ... 

Cat, definitive host of £/<jitfMrtfiiri^^ij/« J ^i«.f 

Cathcart's Microtome 
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Alakurt, infected by 

Dourinet refractory to .„ 

H aem OS poridia, infected by * 

Intermediate hosts of T. iaghmta 
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Surra ID ... ,., ,,, 

Ttypamj^Ofna fff ^aganaj paihogGtiic to 
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Cecidomyia : — 

Lar?a and pupa of 

Production of living young by ... 

Wing of ..* 
C^diUfiiyidi^ (gall -midges) : — 

ClaasiBcation of .„ 

Pupae of * 

Structure and characters of 
Cell protoplasm : — 

Cloudy swelling of ,., ... .v. 

Fatty degeneration of, jw fatty degeneration. 

CifZ/KT, identification of species ... ... 

Celloid in, imbedding in, method 

Stepaiiow*s method ... 

Centrifuge, illustraiioo of ** 

Ctr<2/i?/0^o//, illustration of „, 

Illustration of wing of 

Cercom&na h&m mis in stools . . » 

Cerebral malaria, microscopic appearance of brain substance of , 
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Cestodes (tape-worms) : — 

Canine, table of 
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Differentiation of species (human) 
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Genital organs of 

Human, list of 

Preparation of permanent specimens . . . 

Proglottis, structure of 

Structure of 
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Chemical products of organisms 
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ChironomidcB (midges) : — 

Classification of ... 146 

Structure and characters of 14910151 

CAiroftomuSf vfing of ... 149 

Chloropida 163 

Chlorosis, distinction between the blood of pernicious anaemia and 60 votf^ 322 
Chromatin : — 

Malaria parasites, arrangement in 

Changes in 

Stains for 

Modifications of Romanowsky*s stain for 

C^r^'j^/x, differential characters 

CArysops cacuft'gns, wing of 

Chyluria 

Cobb, system of measuringyf/tzrws 

^ C(Cra, definition of 
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Compsomyia : — 

Description of 
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Geographical distribution of 

Illustration of ". 

Larvae of, parasitic 

Congestion, frequency of, in the Tropics 
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Corethrina, differential characters of 
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Diptera : — page 

Bites of 137.138 

Characters and structure 13910145 

Classification of 145, seq. 

Disease germs carried by 139 

Larvae of 144,145 

Means of harming man 137 

Mouth parts of 140 

Parasitic, myiasis produced by 138 

Pupse of 144,145 

Dipylidium caninum 255, 259, 260, 261, 268 

Dissecting microscope 15 

Distoma : — 

Eggs of ... 252,253,254 

Structure of 262 

Demonstration of 264 

Distoma pulmonale 260 

Dog:— 

De^nite host of dtdolkrtocepAalus cordalus 268 

Dibothriocephalus laius 268 

Human tape-worms 260 

Tcenia caninum 26%^ chart 

Tcenia echinococcus 255 

Dourine, susceptible to 104 

Filaria immitis fonnd in 109 

InWtnnedisiie host of Tania solium 268 

Parasite of. 100 

Carried by mosquitoes 217 

DolichopodidcB 146 

Dourine 104 

Drepanidia loi 

Dutton and Annett, Drs., see Annett and Dutton. 

Dung-flies (Scatopkagidce) 163 

Dysenteries, ax^/^^a ^^// in stools of 270,271 

Ear, fungi in 315 

East, the, dog parasites in 109 

Ecchymosis, frequency of, in the Tropics 22 

£^^'»^f^^^Mj, dog the definitive host of 260 

"Egypt, Jlymenolepis nana in 268 

EhrUch-Biondi, fixation of films stained by method of 52 

Embryo in stools 255 

Emphysema 23 

Empida 146 

EmpididcB 162 

Empis ; — 

Mouth.of 141 

"Wing of 162 
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End ogen ous cycle of de velopme nt . , . . * . . * . ... ... ... 75 

Enteritis, an origin of *.. ... *.. -►♦ 87 

Entozoa, examination of intestines for **. .., ,„ 24 

Eostne stain for blood 61ms *. ... S3i 54 
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Europe i — 
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Microscopic examination of 

MiTcufi in, causes of ... ... 

Parasites in, examination for 

ReajCtion of 

Trematodes in 

Worms passed in .. 

Farrant^s solution .., 

Fatmx ... ... ... ... ... .. 

Fasdsia hepaika, life history of 

Faschlidis^ differentialioQ of .., , ♦ 

Fatty degeneration of cell protoplasm ;— 

Estimation of extent of 

Methods of showing 

Tropical diseases in ... ,.. 

Fever^ relapsing, spirillum of 

Fibrous degeneration ,.. 

-/^fVtiryf* i>rtw//w, carried by mosquitoes 

Locality of .„ »♦. ,., , 

Development i n mosquitoes ... , , 

Embryos found in urine 

Filaria sang u im's hgrninis 
FliaLriis ;— 

Adult forms, occurience of 

Avian 

Development in mos<[uitoes and method of acceis to man 

Differentiation of human .. . 

Embryos of, see filarial embryos* 

Fi xation of tissue for exam \ nation for 

Meiisarement of 

Mosqiritoes as intermediate hosts of 

^foun ling of specimens .. 
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filarial embrycis i— 

Blood, in fresh ,,< ,. 

Differentialbn of species 

Estimation of „, ... ^ 

ExamiDation in dried BLma 

Mosquitoes, development in 

Penodidty 
Filariasis ;— 

Blood change m .„ 

HEematuria from ... , 

Fish:- 

In termed iate host of dihthri&C£phaius laius „, 

T$ypa7im&maia in .., ... , 

Fixation : — 

Alcohol, by 

Blood films, of ... 

Errors caused by imperfect ... ... 

Paraffin sections, of 

Fixing fiuicls ... ... „. „ 

Flsge Haling bodies, method of obtaitsing stained specimens 
Fleas i — 

Classification of ,.. 

Feeding lime of ... 

Intermediate hosts of T, damnum 

Jigger flea 

Month parts of *.. 

Structure of 

Fleming's solytion 
Flies:— 

Flesh 

Forest , ,, 

House ,.. ,., 

Formal in as a preser vati ve agent 

Fdrmalin and alcohol, fixation by ... 

Frogi Schtiflher's granules found in depranidium corpuscles 

Fungi {hy^k&myci^les) .,. 
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Gad-flies, set Tahamdm. 

Galgey, Dr* 

Gall- midges, sm Cetidmtytd^. 
Gameiocyte ; — 

Genesis of 

Shape of the, in different species of parasite 
Gas form ation by organisms 

Celaiine, growths on 

G lies , Colon el, ' * M ogquitoes " cited 
Ghssina (Tsetse files) : — 

Differential characters ... 

Transmission of nagana by 
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GUssimt m&rsifam i — 

lUustratbn of 

Parasites carried by .., , 

Glucose^gasformatiDnfroni 

Glycerine, ^iti?^4j specimens treated with 

Glycerine broth . . ♦ , 

Goadby, K, W,, dentition tables 

Goats, refractory to dourinc ... 

Gowers, Sir W. I— 

Hsemocytonieter of 

H setnocy torn eter slide ... 

Hemoglobin in blood, method ol estimating ... 

Hiiemoglobinometer ,.. .., 

Gram*3 method of staining , 

Greenland, Diboikrisiephaius c^^rdaius in ... 
G rlinbaum-W id ai reaction of blood senim ... 

Guinea-pigs, inoculation of , 

Guiteras, tape- worm found in P la van a by .-. 
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Hadrus L^pid^tui (Motnca fly) 

fkMiSmagr^garina 

HiEmanuthidct^ mosquitoes the intermediate hosts of 
H^mai^bia (horse-flies), diflerential characters 

Mi^rnaUbia serrata „ 

H^ematogeooQS jaundice 

HmmatopQta i^ 

Characteristics 

Differentiated from other JfliiimH/t .,. 

Head of 

HiEtnaiopcta. piumalisy i ] I ust ration of 

Of mouth parts of 

Of wing of ... ... ... 

Ilaematoxylin stain : — 

Blood films for 

Fihrjn demonstrated by * . . 

Malaria parasites in brain, demonstrated by .„ 

Parasites in blood, demonstrated by ... 

Pigment of malaria shown by ... ^ 

H^matox^'lin and eosine, blood parasites shown by 
Hiieraaiuria : — 

Biiharzia from uri ne of * 

Diagnosed from h^emoglobinuria 

Filaiiasis, from „ 

HiEmoglobin : — 

Blood, in ,. 

Spectrum of 

Dissolved in serum .,. ... 
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Hicmoglobin — continued^ 

Methods of estimation 

Pigment deposits derived from altered 

Spectra of, and its derivatives 

Hsemoglobinuria : — 

Geographical distribution of 

Hsematuria diagnosed from 

Urine of, distinguished from bilious urine 

Hsemoglobinuric fever, anaemia from 

Hsemosporidia : — 

Animals infected by 

Birds infected by 

Development of 

Young, form of 

Hair, fungi attacking, demonstration of 

Halteridium 

** Hanging drop " preparations 

Hardening 

Hairs, parasites of 

Hearson's incubator 

HtSLtU^/arta in dog's 

Hepatic abscess, leucocytosis with 

Hepatic cells, yellow pigment of malaria in 

Hermann's fluid 

Hilarimorpha 

Hippohosca^ head of 

Hippobosca equina^ illustrat ion of 

HippoboscidcB 

Homalomyia : — 

Characters and occurrence of 

Larva of 

Homaloffiyia canicularis 

Horder, method of preparing fresh fluid blood films 

Horn fly 

Horses : — 

H(Bmosporidiay\xiit.c\.^^\yj 

Surra fatal to 

Trypanosoma oi 

Horse-bots 

Hyaline cells 

Hydrotaa : — 

Characters 

Wing of, showing neuration 

Hylemyia : — 

Characters of 

Larvre of 

Hymenolepis diminuta 

Hymenolepis murina 

Hymenolepis nana 
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Hyphomycetes 291 

Hystricopsylla 177 

Illuminating apparatus 8 

Imbedding, processes of /. 32 to 36 

Incubators : — 

Advantage of, in tropical regions 4 

Substitutes for ^^note 

Tropics, for the 20 

India: — 

Blackwater fever, occurrence in 348 

Haemoglobinuria in 276 

Madura foot in 314 

Surra in 103 

Indian sparrow, iV^/^^j^ma harboured by icxj 

Indican in urine 277 

I ndol formation by bacteria 307.308 

Infusoria in diarrhoea stools 272 

Inoculations 311, 312 

Insects, parasites of 175 

Instruments, list of, requisite for laboratory work 3Si»352 

Intestines : — 

Blood, stasis in capillaries of, results of 87 

/>2^/^r(0Mj larvae in, of man and horse 138 

^^/7/a/^^5 in human 266 

i'^^jZ-wor/^fW changes in the 23 

Examination of, in the Tropics 23,24 

Worms found in human 255 

Iris diaphragm 8 

Iron : — 

Melanin, rich in 238 

Yellow pigment of malaria associated with 241, 242 

Japan : — 

Bothriocephalus\Ti\iyixcaXi\Ss&yit.%\xi 255 

Diplogonoporus grandis \n 2^%^ chart 

Jaundice : — 

High fever, associated with 276 

Stools of, simulated by those of earth eating .. 250 

Jigger flea 138,17? 

foblotia 185,186,193 

Joblotina 148 

Kidneys :— 

/bj/-»?^r/^w changes early and late 23 

Yellow pigment of malaria in 241 

Koch, on bovine and human tuberculosis 300 

Postulates for inoculations 312 

Kruse 104, note 
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Leishman^s modification of Romano wsky's stain for chromatin ... 62, 63, 65 

Parasites demonstrated by 73» 74» 79 

Structure of /ry/a«<?x^w« demonstrated by ... .« 105,106 

Leitz camera lucida 13 

Lenses, care of 12,13 

Testing of 10 to 12 

Leucocytes : — 

Differential count of, method of making 58,59 

Eosinophils 57 

Estimation of 317 to 323 

Large mononuclear 56, 67 

Lymphocytes 55, 56 

Melanin in 239 

Microscopic appearance of 46,47 

Normal blood, of 54 to 57 

Pigmented leucocytes, formation of 79 

Polymorphonuclear 56 

Romanowsky's stain, effect on 67 

Staining of 54, 62 

Variation in, after malaria 57*5^ 

Leucocythaemia : — 

Abnormal elements in blood of 59 

Blood changes in 60,61 

Leucocytosis 323, 324 

Leucopenia ' 323 

Lepidoptera^ intermediate host of hymenoletis diminutal 268, chart 

Leprosy, amyloid degeneration in 246 

Leptidce 146,161,162 

Leptina.,. 161 

Leptis scolopacea 160 

Leptothrix 292 

Liebig*s extract, nutrient broth prepared from 279,280 

Limatus 185, 186 

LimnobiidiB 146 

Liver : — 

Abscess of, see abscess. 

Melanin in 239, 243 

Tania echinococcus^ forms of, in 255 

Trematodesm 260 

Lonchopteridce 146 

Louis J enner stain .. 61,62 

Protozoa demonstrated by 73» 74 

Low, Dr., method of cutting and staining mosquito sections 36 

On the pupae of /'a;w//iV« 234 
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Filarial embryos in 
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Malignant terimn parasites — f&ntinu^d* J'AGB 

Pigment, form of, deposited by ... .., ... S8 

Sexual development of the ** crescent '* gamete .., .,, 93,93 

Site for spoliation of *. .., ... 81^82 

Malta fever : — 

Agglutination test for ... ,.♦ .„ „ 309i 310 

L.C ucocy tic variation after .., ... ... * 5S 

Man ; — 

Internal myiasis in ,., ,., .,, ... .„ ... ... 138 

Tkw ia echinocQccux, the intermed iate host ... 255 

Tape worms, the definitive host 256 

Trichina spiralis^ the intermediate and definitive host 270 

Trypanosoma hominh ... » „ ... ... ... 104 

Mamtmia ; — 

Feeding lime of ... ... ... -. ,.. ... 13S 

Identification of species ,,♦ .., .-, ,, 193 

Scales of ..♦ , .., ,., ... ... ... ... 1^6 

March I, method of demonst rating early nerve degeneration ... 246, 247 

Mast cells J Romanowsky^s stain for ... 68 

MasHgQphora ..♦ ... ,,. .,, ... ... ... ... 70, IQ2 

Meckel's dive rticnlum, occurrence isi the Chinese ... ... .,, ,.. 22 

Media : — 

Fluid, growths in... ... ..*. .«. ... ... ... .. 302 

Glycerine broth .. ... ... ... ... 284 

Nutrient agar ... ... ... .. .,. ,.. ... 255,286 

Nutrient broth, j« thixi name. 

Nutrient gelatine... ... ... ... 284, 285 

SoH<i ... .» ... 384,303 

Storing of... ... ... , ... ... 284 

Mtgathinina ... „* 140, 186, 193 

Melsena, stool of, simulating that of coal-dust eater ... .,. ... 250 

Meknin ... ^., *.♦ .„ ,.* .., 238 to 240 

Forms of, in different parasites 87,88 

Distinguished from the yellow pigment of malaria ,., ... 240, 241 

Iron in , *.* ... ... ... ... .,, 338 

Mthpkagus minus ... ... ... 173 

Mesentery , method of d isplay in g root of ... ... 25 

Miso€€st&ides iin^atus ... ..♦ ,,. ... ,.* ... ,.. ... 261 

Mes&gommus > ,., .,, ,„ , ., 264,265 
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Concentration of ( method) ... ... ... ... ... 39, 40 

Substitute for ... ., ... ... .., „. 39 
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Mice, parasites of ..♦ ... **. ,♦, ,,. ... ... ,.,177 

Micrococci, definition of ... ... ... 291 
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Micro-prganisms :— 

Chemical products of , 
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Pathogenic properties of 

Rcaciion wiih blood serum 
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Sub-stage condenser 

Testing of adjustments .,. 
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Dissecting... 

Microscopic examination 
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Poisson 's formula of probab i Uty ... . . * 
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Quartan Parasites — continued. 

Corpuscle containing, effect on ... 
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Pigment deposited by 

Site for sporulation of 

Quinine, malarial coma treated by . . , 
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Parasites of 103,104,177, 

Reagents : — 

Importation of 

List of, required for laboratory work 
Red blood corpuscles : — 

Changes in, in leucocythaemk ... 
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Microscopic examination of 

Nucleated 
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Effect of 
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Staining of 53 
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Modifications of 
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Sarcophaga Carnaria 

SarcophagidcB (flesh-flies) 
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Dourine, refractory to „ 104 

Parasites of MSi I7it '75 
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Classification of ... ... ... ... „, ... 146 
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Simulium^ wing of .., ... 151 
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Fungi attacking ,.. „. ... ... ... ... ... 31310315 
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Sections of, cutting of ... .., 38 
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Smegma bacilli ... ... ... ... ... ... 301 
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South America *. — 
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Mai de Caderas of 104 
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Spleen — continued, page 

Melanin in 239, 240 
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Putrefaction distinguished from malarial pigmentation in ... 22, 23 

Sinus of, sporulation of benign tertian parasites in 82 

Yellow pigment of malaria in 241 
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Sporozoites 76 
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Stegomyia : — 

Artificial breeding plans for 233 
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Eggs of 220, 221 

Carriage of 234 
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Scales of 186 

Stepanow's method of embedding in celloidin 36 

Sterilisation of nutrient broth 282,283 

Sterilisers 17 to 20 

Stelhomyia^ determination of genus of 192 

Stomoxys^ differential characters 166, 169 

Straits Settlements, madura foot in ... .. .. 312 

StratiomyidcB (chameleon flies) 146 

Streblida 176 

Streptococci, definition of 291 

Streptothrix : — 

Description of 292 

Madura foot due to 312 

Stfongyloides intestinaiis, description of 269 
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Colour of 250 

Embryo found in 255 

Flagellated organisms in 272 

Microscopic examination of 248,249 

Sub-stage condenser 8,9 

Sub-tertian, see malignant-tertian. 

Sulphuretted hydrogen, formation by organisms 308 

Surra 103 

Swift*s microtome 30, 31 

Symphoromyia 161 

Syrphida (hover-flies) 146, 163 

71i^a»^, antennae of X40 

TahanidcB (gadflies) : — 

Classification of 146 

Feeding time of 138 
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TiEnia saginaia 

7mim solium ... ... - 

TiEniiP I — 

Canine * *. 

Human 
Ti£nzor/iyuchiS, determination of genus of 
Tape- wo mis, j« Cestod^s. 

Teethi ages nt which Europeans cut..* 

Tetrads, detinitiou of ... 
Theobald, Mr, :— 

-(4 ffi?/Atf/<? J, sub-division of, by ... 

Biting-mouthed J noxious and parasitic diptera 

" Monograph on the Cuiicidis " cited ... 

Mosquitoes, on 

Wing-sca,les of mosquitoes, on „, 
Theriopkdei^ differentiated from other Tahanin<z , 
Thoma-Zeiss hEemocytometer... 

Timothy grass bacillus ,. 

Thua imbricata 

Tipula^ wing of a ... 

Tif>uhd{E, pupse of 
Toisson*s fluid ... 

Toluidine blue stain 

Tremaioiies : — 

Blood in ..* ... ... 

Characteiistics of 

Families of 

Intestinal system of 

Occurrence of 

Trichina spintlis, a ... 

Trichinosis, blood change in , , 

Tritkofepkaius dhpar (whip- worm) description of-. 

Ova of 

Tropics :^ — 

Abnormali tics in the 



PACE 





140 


P 


1 57 


iS3tc 


> ijS 





IS? 


,. . 


157 


. 


157 





r54 


147 


175 


... 268, f 


'Aart 


26S, thari 


. 


^5S 


260,268,1 


hart 


268, rAar/ 


. 


261 


... 255 


259 


■ 


193 


. 


334 


. 


292 


I .. t 


]S6 


,.. 137, 


^iq. 


. . 


189 


1S7 


iSg 


. 


18S 





157 


31S 


319 


.., 301, 


302 





3»4 


I43i 


144 


... ... 145 


146 


129. 


318 


72.73 


. 


70 


*. 


2SS 


. 


a&i 


«6a 


263 


. 


260 


255, 269, 


270 


. 


58 


■ 


267 


252,253 


254 



as 



INDEX 383 

Tropics — continued, page 

Anaemia, common form of, in 322 

Freezing in the 30 

Laboratory in the, description of i to 3 

Lenses, effect on 12,13 

Light in the 11 

Madura foot in 312 

/\7j/-;//^r/f/// examinations in the ... 21 

Statistics in 32910331 

Tropical diarrhoea, stools of 250 

r-V Trypanosoma Brucd ... 103 

ri Trypanosoma hominis 104 

^Trypanosoma Lewisi 103 

Trypanosoma TheiUri 104 

Trypanosomata : — 

Blood plasma, in 70,102,103 

Demonstration of. 75 

Multiplication of 106 

Staining of .. 105 

Structure of 106 

Trypanosomiasis, leucocytic variation in 58 

Trypetida 163 

"Tsetse fly disease," 7Vy^a«tfjtf/«a/a of 103 

Tsetse flies ( Glossind) , different characters 1 66 

Tubercle group of acid-fast organisms 299,300 

Tuberculosis, susceptibility to, induced by chronic malaria 335 

Typhoid fever : — 

Agglutination test for 309, 310 

Leucocytic variation after .. 58 

Typhopsylla 177 

Uganda, trypanosome of sleeping sickness in 104, no/e 

Uranotcemaf dettimimxion of genus 194 

Urine : — 

Bacteria in 277,278 

Bile in 276 

Blood in 274 

Filaria nocturna in 275 

Hsemoglobinuria of 276 

Haemoglobinuric distinguished from bilious 276,277 

Indican in 277 

Vacuolated Corpuscle 98 

Vegetable micro-organisms : — 

Acid fast 298 

Capsulated organisms 294, 295 

Description of 289 to 291 

Differentiation by methods of staining 297, seq. 
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